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Turs Volume contains the PrincieLes of PlaxR 
ASTRONOMY, in which the Reader will find references 
made to a Set of Auxiliary Tables at the end; but the 
matter having increaſed beyond the Author's expectation, 
theſe Tables would have enlarged the Volume to an 
unuſual ſize; they will therefore be found at the end of 
the next Volume. 'In conſequence of this, the other 
ſubjects to be treated of will furniſh matter ſufficient for 
a ſecond Volume, without the T ables of the Motions of | 
the Sun, Moon, Planets and Jupiter” s Satellites; theſe — 
Tables will therefore be afterwards publiſhed by them- 


ſelves, with an Introduction n their Conſtruction . 
and Uſe. | 
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Art. 1. ' STRONOMY i is that branch of natural philoſophy which treats | 5 
of the heavenly bodies. The determination of their magni- 
tudes, diſtances, and the orbits which they deſcribe, is called Plane or pure 
| Aſtronomy; ; and the inveſtigation of the cauſes of their motions is called phy» 
fical Aſtronomy. The former is determined from obſervations on their appa- | | 
rent magnitudes and motions; and the latter from analogy, by applying thoſe | 5 


principles and laws of motion by which bodies on and near the carth are | 


governed, to the other bodies in the ſyſtem, The principles of plane Aſtro- 
nomy come firſt in order to be treated of; and in this, we ſhall begin with the | 
explanation of ſuch terms as are the fundamental principles of the ſcience, _ 
2. A great circle of a ſphere. is that whoſe plane paſſes through, its cen- 
ter; and a ſmall circle is that whoſe plane does not paſs through its center. 
3. A diameter of a ſphere perpendicular to any great circle is called the 
axis of that circle; and the extremities of the diameter are called its poles. 
4. Hence the pole of a great circle is 90 from every point of it upon the 
ſurface of the ſphere ; but as the axis is perpendicular to the circle when it 
188 e 2 08 40152 e . af ans Bsbrteri wrt | is 


Fis. 


 condary paſſes through, not only the center of the great circle, but alſo of the — 


be 


' DEPINITIONS. 


18. nernen dient ary FR ret forfc 868 11 Sher "WY. "EE + 
from any two points of a great circle will be the pole. 
5. All angular diſtances on the ſurface of a ſphere, to an eye at the cen- 


ter, are meaſured by the arcs of great cireles; for they being arcs to equal ra- 


e 
8 aig, upon theduce ede 


6. Hence, 
of herical j 4 of great Tircl 
7. All great circles muſt biſect each other; for paſſing n the center 


2 the ſphere their common ſection muſt be a diameter, which biſects all cir- 


ee Ea a 3 mg which paſrehroughrits poles... 
CU 


lar . great circle; for if bne 
lins be perpendicular to a plane, any 9 paſſing through that line will alſo 
be perpendicular to it; therefore as the axis of the great circle is perpendicular 
to it, and is the common diameter to all the ſecondari aries, they muſt all be per- 


pendicular to the great circle. ence alſo every {econdary, biſecting its great UM 
circle (7)*, muſt biſe& every ſmall circle parallel to it; for the plane of the ſe- 1 


8 ſolution 


ſmall circles parallel to it. | | | Ks: 
10. Hence a great circle - Paſſirip Hoteles pbles bf two great cs, muſt? 8 28 : 
perpendicular to each; and, vice vers, a great circle perpendicular to two 0 
other great circles muſt ouks ugh their poles. 1 
11. If an eye be ii the p e SET appedss- U. ſtrtight line; W in 5 fa 
the repreſentation of the ſurface of a ſphere upon a plane, thoſe circles whoſe 
planes paſs through. the, eye are repreſented: by ff, ht lines. 
F. The. angle wel by the .circumferences o f twi great cire es ofthe for.” 
a ſphere is,cqual to Us angle formed by the Planes of thoſe circles; and is 
Rb the Arc of a great circle-1 intel pted betwee n them, defcribed about 


7 de Sire 90710 NoNE2!- va 0 E . 


the inte: ſection of th ie Circles as 2 pole. 
For let C be the, center of the ſphere, „PRE ho gtgat circles; chen as a 


rhe circumferences of theſe circles. at 85 Ire perpendicular to he. common inter- 
ſection PCE, the angle at P between them. is equal to the. angle between the- 


rhags by BY Euc. B. Al. Def. 6, Now draw 77 11 5 e 7 


13. Tat the ny WA ae ee as a Pole, © a great circle be de- | 
. my ao. a ſmall circle PEG to it, the arcs of the great ind ſmall cir- | 


4 #4 4 Ls CI ˖ 2 eit g 2 
4 . * 


» Figures bete thi in» Pane r 1 the wude : 


DEFINITIONS: 


r 5. 'L " 
k 6 * ” 3 * T4 4 #*\ W 4 D 5 r 
£ &S 3.957 2.84 5% 42 11 + *313 49 1 l 3F3 : - ety is! 4 


icular to PCE, then £46, 4D. 3 to 


28, dg. db plan 245 \is parallel to che plane Q k, and therefore the ſmall _ 
edn BD of which A is the en is Ea to the Moden u as 


Henee Water Gall — gt at the pale;detwoim the 
two great cireles. Alſo M: BDE: N BA; e LS” Kees 
* greateſt diſtance between the two circle. 
14. The ait of the earth is that diameter about which K erfor 
. motion; and the extremities of this diameter are called its polen. 

486. The tarrefrial- epuatar is a great circle. of the earth pris ett "A te its 
axis. Hence the axis and. pales, of the earth are the axis and poles of its-equa- 
tor. That half of the earth which lies on the fide of the equator which we in- 
habit is called the nertleru hevuſphore, and eee auen enr * the 2 
are reſpectixely called the north and /auth poles. J 9711: 128113. 

16. The latitude of a place on the — þs its nals cid * 
the equator, meaſured, upon a ſecondary to it. - Tha age to che eher 
tor axe called meridzans. Bnet 01443 32: 44 54 NEN b : 
17. The dongirude of a place on the 6 ſurface * arc e equator 
intercepted between the meridian paſſing through the place, and another, called 
the firſt mexidian, paſſing through that place from which you begin to meaſure. 
15. If the plane of the terrefria! equator be produced to the ſphere of the 

fixed ſtars, it marks out a circle called the celefial equator; and if the axis of = 
the earth be produced 3 in like manner, the points in the Heavens to which it is 
produced arg called poles, being the: poles of tho. late equator, The ſtar 
neareſt to each pole is called the pole ſtar... 

19. Secondaries to the celeſtial equator ano. called. ue of ene of 
theſe, - 24 which divide the Lada ww, "gel feu, each ee 155, are 
called lour circles. 

20. wall circles parallel to the celeſtial equator are called parallels of alu. 
en. 1 
21. The ſoufble horizon 3 is ; thay ke. in 5 habits whoſe plane 3 the | 
earth. at the ſpectator. The ratiazal horizon is a great circle in the n 

paſſing, through the earth” center, parallel to the ſenſible horizon. 
22. Aumacanter is a {mall circle parallel to the horizaon. 

23. If the radius of the earth to the place where the ſpectator ands be pro- 
duced both ways to the heavens, that point vertical to him is called the zeviz4, 
"ng . e point the wadir. SO zenith and nadir are (3) the poles. 

%% of 


; its Give 


wrd 
— —— — 


— 


— — A — 9 — Ro — .- ” "> 4 * —_ . = 
— » | o — — 
. 2" —-— * — — — — erevartbinns- — K — 


— 3 — 


9 
—— 


— — — 


7: = abs oo vo. uareny wo £4 <a, Se wen — 


— 


r — aca. — 


—— — — — — ů * - 
4 2 * 


— — — 
— — —— —— — nr — —m — — ett 
———_— oy» a. 2. 


——_— 
— Wee — 


: _ mn 
22 


— — eo oo 
— Cc 0 22 


* 
— 


* * - = 
— — — — ———— — — 
cw 24 „ —— 


4 N 


re ” - — 
+ * ** „ 
- 
* 
2 
- 


fible, muſt alfo be 


DEFINITIONS. 
of the rationa horizon; for the radius produced being pe 


icular to the rational horizon. 
24. Secondarids to the hofizoh are called vertical cireles, becauſe 
perpentulur to the horizon; on theſe circles therefore the altitude of an head 


| ee 6s. 
we ate 4) 


Enron e e ri 07 ite a aun on} a N Hidwio QA 1 
- 25. A Secondary common to the celeſtial- equator and che Horizon of any 


place, and which therefore (ro) paſſes through the poles of each, 178 the celeſtias 
of the celeſtial meridian of any _ 


meridian of that place” Hence the plane 
coincides with the plane of the terteſtrial meridian of the ſame plaee/ 3 


Zon in the north and ou points. n 21 


of any 


26. That direction which Paffer etcugt e north pole is called north; 5 
the oppoſite direcxion is called funf. Flenee 


27. Hence the 


Hence the ene mut cut the hori- 


Mo 291117; | 
; "divider we bene into two i... 
_ ſpheres lying to the eaſt and weſt; that lying to the caſt is called the eafern he- 
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2 
Teas 
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tt 


ee and the other lying to the weſt is called the ueſfern hemiſphere. 


28. The vertical eirele which cuts the meridian of any place at right angles is 


called the prime vertical; and the points where it cuts the horizon are called the 


eaſt and wog points. Hence the eaſt and weft points nen from the 


IL) 7 


% 
& # p 
- 


north and ſouth. Theſe fou are called the cardiat-points.” 
29. The azimuth of an heavenly body is its diſtance on the addin, Gs 


2 


FI 
* 


referred to it dy a ſecondary, from the north na e The Nee is 


deſcribe in the courſe of # en. 


and their angle of inclination is called the: obliquzty 


30. The ecliptic is that 


its diſtance mh the eaſt or weſt points. MEAT 51: 
in the heavens whichtchs- fon ap 
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pears to 


31. The ecliptic and equator being ee e eee bile@each PREY 
of the ecliptic; alſo the points 


where they interſect are ealled the equinocriai Points. 
comes to theſe points are called the epuinorer. 
32. The ecliptie is divided into 12 equal parts, called Hes Ati, by au- 
rus 8, Gemini n, Cancer , Leo &, Virgo M, Libra = , Scorpio m, Sagitra- 
rius 2, Capricornus Vo, Aqarius . 


to the motion ef the ſun. 


„Piſces x. The order of theſe is according 
The firlt point of aries coincides with one of the 
The firſt ſix 


3441 


al 
4941 


The ne eee e 
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equinoctial points, and the firſt point of libra with the other. 


figns 


through them; and S, K. N. 


33. The motion of the heavenly 


* 


1 


are called northern; lying on the north ſide of the equator; and the laſt fix 
are called fourhern, lying on the ſouth fide: The ſigns V, , X,p, 8, rare 
called aſcending,” the fun: ae eb dur (or the north)” pole whilſt it paſſes: 


m, are called n oy fon pal 


4 


ing from our pole as it moves dürough them. 
bodies which is according to thi wicker * 


the bens, is called dec, or in conſequentia; and the motion in the contrary di- 


* 


23 T! i? 


z 
WF ct 


rection 


prints. 


i nates; is Called reragrade, or in a. The real motion of all- the pla- 
nets. is according to. the. order of the, ſigns, bit Thezr: apparent motion is ſome⸗ 


times in an oppoſite « direction. 
34. The zodiac is a ſpace e extending 8* on n each fide of the ecliptic, within 


which the motion of all the. planets is contained. 

35. The right aſcenſion of a body is an arc of the equator EN DIL bert 
the firſt point -f aries and a declination circle paſſing through | the body, mea- 
ſured according to the order of the ſigns. | 


36. The oblique aſcen/ion- is an arc of the equator intercepted between the 


firſt point of aties and that point of the equator which riſes with w7 body, 
meaſured. according, to the order of the figns. 23 
37. The aſcenſtonal e is the difference between the right and Row 
aſcenſion. 
38. The declination of a bay is its FEET diſtance from the equator, n mea- 


| fred upon a ſecendary to it drawn through the body. 
39. The longitude of a ſtar is an are of the ecliptic ec between the 


firſt point of aries and a ſecondary to the ecliptic. paſſing through the body,. 


meaſured according to the order of the figns. 1 the body be in our ſyſtem, 
and ſeen. from the fun, it is called the Heliocentric longitude; but if ſeen from the 
earth,\ it is called the geocentric longitude; the body in each caſe being referred 
perpendicularly to the ecliptic in a plane paſſing through the eye. 
40. The /atitude of ſtar is its angylar diſtance from the ecliptic, meaſured 
upon a ſecondary to it drawn through the body. If the body be in our fyſtem, its 
angular diſtance from the ecliptic ſeen from the earth is called the n la- 
titude; but if ſeen from the fur it is called the Feliocentric latitude. 

41. Hence if & be the equator, Y C the ecliptic, o the firſt point of aries, 
5a ſtr, and the great, circles Sr, 54 be drawn perpendicular to Y C and v 


then # is its right aſcenſion, an its declination, ar its latitude and Pr its lon- | 


girude. The circle 57 is called a circle of latitude. 
42. The 7ropics are two parallels of declination cache the ecliptic. One, 


touching it at the beginning of cancer, is called. the tropic of cancer; and the 


other, touching it at the beginning, of capricorn, is called the tropic of capricorn. 


The two points where the. tropics. touch the ecliptic are called che Jolftitial : 


| points. 


43- Colures are two ſecondaries to the celeſtial equator, one paſſing through . 


the equinoctial points, called the eguinoctial colure; and the other paſſing through 
the ſolſtitial points, called the /d//itial colure. The times when the ſun comes 
to the ſolſtitial points are called the ſo/fices. 

44. The arctic and antarctic circles are two parallels of declhason, m for- 
Fe about the north and the latter about the ſouth pole, the diſtance of which 
from 


| FIG. 
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from the two poles is equal to the diſtance of the | tropics. fone equ 


Theſe are alſo called polar circles. 2 $459 
4 5. The two tropics and two polar Srcles, aha referred to che e f earth, dds 
it into five parts, called zones; the two parts within the Polar, circles. are called 
the frigid zones; the two parts hetween the polar circles and tropics are called 
the temperate zones; and the part between the tropics 4 18 called the torrid Zone. 
| Small circles in the heavens are referred to the earth, or the contrary, by. lines 
Fic. drawn to the earth's center. 15 the ſmall circle Ar By, in the heavens, i is 
3. referred to Lv i on the earth. Hence if Ax Ry be the tropic or the polar 
circle in the heavens, LuMw will the, tropic or polar cs on the earth. 
Theſe circles therefore retain the fame relative ſituations, that hat is, the former is 
as far from the pole in the heavens, as the latter! is from the — of che earth. 
The planes of theſe correſponding [mall circles do not coincide; but when they 
become great circles, then the planes become coincident. * 
[i 46. A body is in conjun&on with the fun, when it has the ſame longirude; in 
| i 5 oppoſition, when the difference of their longirudes is 1805 and in \ quadratures, when 
lh the difference of their longitudes i 15 90%. The comunGtion i is. MPI Ma is 83 


the how's thus 5 e nenen 
bon the ar, ie | cas uaretethy - # 4 
49) The dirpal porallex is the difference. betyeen jhe apparent places of the pity 
| 21 in our 17 27 when referred o the fixed ſtars, if ſee ſen from the center _ 


ſurface of the earth. The. annnal parallax is the Gegen between the ap- 
pant pcs e i We yhen ben from che appoſte Pointe of 
we Sen oibit. | 
rr e The 4 argument i is a term ud to | denote any quantity by hk another re- 
| quired quantity may be found . For example, the argument of that part of the 
equation of time Sick ariſes from the unequal angular motion of 7 bg earth | in 
its orbit ahout the ſun is the ſun's Lal becauſe that part of the equgtion 
depends entirely upon che FE Da and latter being given, the former is found 

from it The e argument of aiftar's la tit 15 its Lad from its node e, becau 0 

| upon this the 1 5 e depends. 

. "6x. nodes are the points Me the a of + primary 13. cut the 
© ecliptic, and where the orbits of the ſecondaries cut the orbits of their prima- 
1 . ies. That x no is called afcending where the planet paſſes from the ſouth to the 

north | fide of. the ecliptic; : and the other i is called the deſcending node, The al- 
ending node is marked thus , and the deſcending node thus 8. The line 


8 s the nodes is called the line of the nodes. 


2 


Ar 1 . 2 perpendicular be W & from a planet to the lp, tho ang, 


Z4 


bir . . 


. dere dur che lines, on dractt fort it tõ Mat: pbint Where the perpen- 
dicular falls, and another 5 the _— 85 — of bach l br 
The angle Of pi is t "at a n 0 
lo as ef reles; 22 i 1 thi6dfh thi Pele of th equator and te other * 
Sho Ole 1 190 ptic. r 
15 54. Apparent 1008 is tlie me when"the"fln! eons EY bra? 
5. 7 THE. OF mean Ko ch is 12.0 Pr wa 4 clock e e to go 24 hours 5 1 


an or ? — ri. 
R i 


57. A fare is fajd to riſe or ſer: aft, when it riſe or ſets at fun in 

and when it-nfes. or Nets a "inferring, it's" we to riſe or et HI. 
58. A ſtar riſes hetidtally, when, alter h{ving been ſo net to the ped as not 
ts be viib18 it emerges out of the fin's Tays and juſt appeafs in the morbing; 
and it ſets ITY when the ſun approaches ſo War o t, th It is about te to 

immerge into the fun's rays A Sells invifble in the ehellfng. 

59. Curtate diſtance of a planet from the ſun or earth is the diſtance of the fon 
or earth from that point 55 the ecliptic where a 7 to it paſſes 


through the planet. 
60. Apfelion is that point in x the orbit of a planet which is s furtheft from the 


fan. 
61. Perihelion. is that e in x the orbit of a planet which i is beareſt to the 


ſun. 
62: Apogee is that in of the wa orbit which is furtheſt from the ſun, 
or that point of the moon's orbit which is furtheſt from the earth. 
63. Perigee is that point of the earth's orbit which is neareſt to the ſun, or 
that point of the moon's orbit which is neareſt to the earth. 
The terms aphelion and petillelibn are alſo applied to the earth's 5 orbit. 
64. Apfis ol an orbit is either its aplielion or perihelion; apogee 
and the line which joins the apfides' is called the line of the apfides. "Y | 
65. Anomaly (true) of a planet is its angular diſtance at any time frm 3 its ap- 
helion, or -apogee—{mean} 1s its angular diſtance from the ſame point at the 
ſame time if it had moved uniformly with its mean angular velocity. 
66. Equation f the center is the difference between: the true and mean anoma- 
ly; this is ſometimes called the profthapherefis.. 
67.7 Nane degree of the 3 is that pon which 1s higheſt above the : 
horizon. 
68. The mean place of a body i 15 the- place TEL [TO not moving with 
an uniformly angular velocity about the central body, would have been, if the 
lar velocity had been uniform. The ze place ot; a body is 138 place where 


| the body : is at any time. N | 
| 69. Equa. 5 
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8 N DEFINITIONS. 


69. Equation are eorrections which are applied to che nean place of a 

70. A eee of che diameter of the ſun or moon. 

71. Thoſe bodies which revolve about the ſun in orbits very dear circular 
are called planets, or primary planets for the ſake of diſtinction; and thoſe bodies 
which revolve about the primary. 9 are called ſecondary 9 or ſatel. 
lites. ; =—_ ; 4 Fox. | | | | 

T2. Thoſe bodies which revolve about is To in very elliptic orbits are called 
comets, The ſun, planets and comets, comprehend all the bodies in what i is 
called the ſolar /yfem. 3 . 

73. All che other heavenly bodies are called fixed-fars, or ſimply hers: "FP 

74. Conftellation is a parcel of ſtars contained within ſome aſſumed figure, as 
a ram, a dragon, an hercules, &c. the whole heaven is thus divided into con- 
ſtellations. A diviſion of this kind is neceſſary, in order to direct a perſon to 

| 9 heavens W to point out. . 
222 Au os: Characters l for! the e Sun, Moon and Planets, n 20 
CD "6 The fan. - 1 e Mars, eee, DE 
444 . 4-4 » The Moon. a 4 ö 1 Jupiter. | 1 14.4.2 « > ͤ - 
1 Mercury. le ha e V 
— . » 7. I's Fae. 8 n b 
2 Venus. I Georgian. | : 
* . © The Earth.. ... 9 8 Iſs $ , , . " 
* 1 and ee a e 3 
| : 1 5 N f 547 7 38 | 14 1 ED . "4 > r1 $ | 12 9 1 
Characters uſed for py of the Weegk 
I 
, Monday. „ Friday. 5 8 
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1121109 BTERES 2175 2 
Art: 75. - SPECTATOR upon the earth's Farface- conceives, himſelf to be 
placed in the center of a concave! ſphere in which all the heavenly 
bodies are ſituated; and by conſtantly obſerving them, he perceives that by far 
the greater number never change their relative fituations, each rifing and et- 
ns ting at the ſame interval of time and at the ſame points of the horizon, and are 
13 therefore called fixed ſtars; but that a few others, called planets, together with 
. the ſun and moon, are conſtantly changing their ſituations, each continually ri- 
„ ſing and ſetting at different points of the horizon and at different intervals of 
5 time. Now the determination of the times of the riſing and ſetting o of all the 
heavenly bodies; the finding of their poſition at any given time in reſpect to the 
horizon or meridian, or the time from their poſition; the cauſes of the different 
lengths of days and nights, and the changes of ſeaſons; the principles of dialling, 
and the like, conſtitute the doctrine of the ſphere. And as the apparent diurnal 
motion of all the bodies have no reference to any particular ſyſtem or diſpoſition 
of the planets, but may be ſolved, either by ſuppoſing them actually to perform 
thoſe motions every day, or by ſuppoſing the earth to revolve about an axis, we 
will ſuppoſe this latter to be the caſe, the truth of which will afterwards appear. 
76. Let pep'q repreſent the earth, O its center, & the place of a ſpectator, Fs. 1 
HZ RN the ſphere of the fixed ſtars; and although the fixed ſtars do not lie in 4. 
the concave ſurface of a ſphere of which the center of the earth is the center, 
yet, on account of the immenſe diſtance even of the neareſt of them, their re- 
lative ſituations from the motion of the earth, and conſequently the place of a 
body in our ſyſtem referred to them, will not be affected by this ſuppoſition. 
The plane abe touching the earth in the place of the ſpectator is called (21) 
the ſenſible horizon, as it divides the viſible from the inviſible part of the heavens; 
and a plane HOR parallel to abc, paſſing through the center of the earth, is 
called the rational horizon; but in reſpect to the ſphere of the fixed ſtars, theſe 
1.98 may be conſidered as coinciding, the angle which the arc Ha ſubtends at the 
11 earth becoming then inſenſible from the immenſe diſtance of the fixed ſtars. 
b Now if we ſuppoſe the earth to revolve daily about an axis, all the heavenly 155 
bodies muſt ſucceſſively riſe and ſet in that time, and appear to deſcribe circles 
whole planes are perpendicular to the earth's axis, and conſequently parallel to 
B « ; each 
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each other; thus all the ſtars would appear to revolve daily about the earth's 
axis, as if they were placed in the concave ſurface of a ſphere having the earth in 
the center. Let therefore pp” be that diameter of the earth about which it muſt 
revolye in order to give the apparent diurnal motion to the heavenly bodies, 
then p, G, are called its poles; and if pp” be produced both ways to P, P' in the MF 
heavens, theſe points are called (18) the poles in the heaven, and the ſtar near- - 
| eſt to each of theſe is called the pole ſtar. Now, although the earth, from its | Wb 
1 motion in its orbit, continually changes its place, yet as the axis always conti- A 
1 | nues parallel to itſelf, the points P, P“ will not, from the | immenſe diſtance! of | 
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the fixed ſtars, be ſenfibiy altered; we may therefore ſuppoſo theſe to be fixed # 

points*. Produce Od both ways to Z and V, and Z is the zenith/ and N the 2 

nadir (23). Draw the great cirele PZHNR, and it will be the celeftiat-meri- "I 

dian (25), the plane of which coineides with the terreſtrial meridian pbp' paſſing 15 

through the place of the ſpectator. Let eq repreſent a great circle of the earth lt 

| perpendicular to its axis g, and it will be the equator (x5), and if the plane of = 

this circle be extended to the heavens it marks out a great circle E calted EE: 

the celeſtial equator (18). Hence, for the fame reaſon that we may confider the 1 

points P, N as fixed, we may confider the circle E as fixed. Now as the la- 1 
c tttude of a place on the earth's ſurface is meaſured by the degrees of the arc beet; 
: be (16), it may be meaſured by the arc ZE; hence as the equator, zenith, and 4 
poles in the heaven, correſpond to the equator, place of the ſpectator, and poles LM 

of the earth, we may leave out the conſideration of the earth in our further en- BETH 


quiries upon this ſubject, and only conſider the equator, zenith and One: in we | 
heavens, and HR the horizon to the ſpeftator. | 
Fic, 577. Let therefore figure the fifth repreſent the poſition of the et to 2 
5. the zenith of a fpedtator f in north latitude, E the equator, P, P* its poles, 
Hohe rational horizon, PE HPR the meridian, and draw the great circle 
ZO perpendicular to ZPRH, and it is the prime vertical (28); R will be the 
north point of the horizon and H the ſouth (26), and O will be the eaſt or weſt 
points (28) according as this figure repreſents the eaſtern or weſtern hemiſphere. 
Draw alfo a great circle POP” perpendicular to the meridian. Now as each 
circle HR, E9, ZN, PP“ is perpendicular to the meridian, its pole muſt be in 
each (8,9), therefore their common interſection O is the pole of the meridian, 
Draw alſo the ſmall circles 2 H, mt, ae, Rv, y parallel to the equator * 
as the great circle POP” biſects E & in O, it muſt alſo biſect the ſmall cir- 
cles mt, de, in r and c; for as EO=9g0?, therefore (13) fr and ec e h 
and as 2O=go?, mr and ac each= =go"; hence ac=ce, and mr=7t. 
78. As all the heavenly bodies, in their diurnal motion, deſcribe eder 8 


® This is not accurately true, the earth's L litle from its s parallelifn, as ,"y be 
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the equator, or ſmall circles parallel to the equator; kecorditig, as the body is in 
or out of the equator, if we coficeive this figure to repreſent the eaſtern hemi : 
ſphere, Qi ar, mt, may repreſent their apparent paths from the meridian under 
the o"—_ nme hah er NG and the points , O, 5-are the points of the 
* And as ae, QE, mt; ate biſected in c, O, r, eb muſt 
yr Mem than. ha, £ SO =OE. and Is leſs than . Hence a body on the n 

ſide of the equator faves the ſpectator will be longer above the hotizon than be- 
low, becauſe eb is greater than ba; a body in the equator will be as long above 
as below, becauſe Or OE; and à body on the contrary fide will be longer be- 
low than above, beeauſe , is greater than sf. The bodies deſcribing ae, mt, 
riſe at h and 6; and as O is the eaſt point of the horizon, and R and H are the 
north and ſouth points, a body on the fame fide of the equator with the ſpecta - 
tor riſes between the eaſt and the north, and a body on the contrary fide riſes 
between the eaſt and the ſouth; and a body in the equator riſes in the eaſt at 


O. When the bodies come to d and u, they are in the prime vertical, or in the 


eaſt; hence 4 body on the ſame fide: of the equator with the ſpectator comes to 
the caft after it is riſen, and a body on the contrary ſide, before it riſes. The 
body which, deſcribes the circle Rv, or any circle nearer to P, never ſets; and 
ſuch circles are called circles of perpetual apparition; and the ſtars which deſcribe 


them are called circumpolar ſtars. The body which deſcribes the circle wH, 


paſt becomes viſible at® H, and then it inſtantly deſcends below the 74 
trizon; but the bodies which deſcribe. the circles nearer to P“ are never vi 


fable. Such is the apparent drurnal motion of the heavenly bodies when the 


ſpectator is ſituated any where between the equator and poles; and this is called 
an obtique ſphere, becauſe all the bodies rife and ſet obliquely to the horizon. 
As this figure may alſo repreſent the weſtern hemiſphere, the fame circles ea, tm 


11 


will repreſent the motion of the heavenly bodies as they deſcend from the me- 


_ ridian above the horizon to the meridian under. Hence a body is at the great- 
eſt altitude above the horizon, when on the meridian, and at equal altitudes 
uhen equidiſtant on each ſide from it, if the body have not changed its decli- 


nation. This is the foundation of finding the time of — the MAINE 


from equal altitudes of a body on each fide. 
79. If the ſpectator be at the equator, then E coincides with 2 and conſe- 
cathy EN with ZN, and therefore PP” with HR. Hence as the equator 


Eg is perpendicular to the horizon, the circles ace, urt, parallel to EQ, muſt 


alſo. be perpendicular to it; and as theſe circles are always biſected by PP', they 
muſt now be biſected by HR. Hence all the heavenly bodies are as long above 
the horizon as below, and riſe and ſer at 1 9 to it, on which Account 
| this is called a right 58 
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quently PP* with Z N, and therefore E 2.with HR. Hence the circles mY; ae; 
parallel. to the equator, are alſo parallel to the horizon; therefore as a body in 
its diurnal motion deſcribes 4 circle parallel to the horizon, thoſe fixed bodies 
in the heavens which ate above the horizon muſt always continue above, and 
thoſe which are below muſt always continue below. Hence none of the 
bodies by their diurnal motion can either riſe or ſet. This is called a parallel 
ſphere, becauſe the diurnal motion of all the bodies is parallel to the horizon. 
Theſe apparent diurnal motions of the fixed ſtars remain conſtant; that is, each 
always deſcribes the ſame parallel of declinatio 
81. The ecliptic, or that circle in the heavens which the fag appears to de- 
ſcribe in the courſe of a year, does not coincide with the equator, for. during 
that time it is found to be only twice in the equator; let therefore ral . 
ſent the ecliptic, which being a great circle muſt cut the equator into 


Hence, as this apparent motion of the ſun is nearly uni 
When there- 


les Kd old. 5 4) 


parts (7). 
fun 4s nearly as long on one fide of the equator as on the other. 


fore the ſun is at q on the ſame fide of the equator with the ſpectator, deſcribing 
thel parallel of declination ae by its diurnal motion, the days are longer than the 
nights, and it riſes at & from the eaſt towards the north; but when it is on the 
contrary fide, at p, deſcribing mt, the days are ſhorter than the nights, and it 
riſes at 5s: from the eaſt towards the ſouth, the ſpectator being on the north fide 
af the equator; but when the ſun is in the equator, at O, deſcribing QE, the 
days and nights are equal, and it riſes in the eaſt at Ox. If ae, mt be equidiftant 
from EA, then will erm and ab st; hence when the ſun is in theſe oppo- 
ſite parallels, the length of the day in one is equal to the length of the night in 
the other; and the mean length of a day at every place is 12 hours. Hence at 
every place, the ſun, in the courſe of a year, is half a year above the horizon 
hen the ſpectator is at the equator, im, ea being 
will be always as long above as below the ho- 
rizon, and ned the days and nights will be always 12 hours long; 
There will however be ſome variety of ſeaſons, as the ſun will recede 23g on 
cach fide from the ſpectator. When the N at the e en 


and half a year bel 
biſected by the horizon 


The different degrees of heed in — ond 3 do not a ariſe from the lifferent 
lengths of times which the ſun is above the horizon, but from the different altitudes. of the ſun 
above the horizon; the higher the ſun i is above the horizon the greater is the number of rays which 
fall on any given ſpace, and the greater alſo is the force of the rays. From all theſe circumſtances 
ariſe the different degrees of heat in ſummer and winter. The inereaſe of heat 1 1 - 
h the equator ariſes from the two latter cireumſtances. | 6 

+ This is not accurately true, becauſe the ſun's motion in the ecliptic i is not + quit i. on 
which account it is not exactly as long on one fide of the equator as on the other. If the major 
axis of the gant 8 orbit coincided with the linge Joining the N aint ae 6 times 1 be 


equal. 7 $4: " 4 SIT 
: 1 * * ; 
4 1 « — 


42 
"I 
bw) 
5 * 
ot 1 f 
8 Ho 
2 
: 4 Sa 
FI 2s 
p 1 
* £ 
? 
«+ 
1 
£3 
- = of 
* 
* 2 
* 
1 
5 
8 
FRE 
1% 
„ - 4 
33g 
3 
i" Be $3 
\ . =P 
. 
$353 
3 
1 
i374 


Won 


oN THE DOCTRINE/OF'THE SPHE RA 


will be vertical to him at noon when it is in the equator. / And when the ſpec- 
tator is any where between the tropics, the ſun wiltbe vertical to him at noon 
when its: declination is equal to the latitude of the place, and of the ſame kind, 
that is, both north, or both ſouth. When the ſpectator is at the pole, the ſun 
at p or g is carried by its diurnal motion parallel to the horizon; hence it never 
ſets when it is in that part of the ecliptic which is above the horizon, nor riſes 
when in that part which is below conſequently there is half a year day and half 
a year night. Hence the variety of ſeaſons ariſes from the axis of the earth: not 
being perpendicular to the plane of the ecliptic, for if it were, the ecliptic and 
equator would coincide,” and the ſun would then be always in che equator, and 
_ conſequently it would never change its poſition in reſpect to the ſurface of the 
earth. If JR=EH=290; 28 the ſun's greateſt declination, then on the longeſt 
day the ſun would deſcribe the parallel Rv, which juſt touching the horizon at 
R, ſhows that the ſun does not deſcend on that day below the horizon, and 
therefore that day is 24 hours long. But when the ſun comes to its greateſt 
declination, on the other fide; of E, it deſcribes a and conſequently does not 
aſcend above the horizon for 24 hours, and therefore that night is 24 hours 


long. This therefore happens when EH, the complement of E the latitude 


(16), is 235. 287, or in latitude 66˙. 32. If EH, the compliment of latitude, 
be leſs than 235. 28“, the fun will be above the horizon 1 in ſummer, and be- 
low in winter, for more than 24 hours, and the longer above or below as you 
approach the pole, where, as before obſerved, it will be 6\months above and as 


long below the horizon: The orbits of all the planets, and of the moon, are 


alſo inclined to the equator, and conſequently their motions amongſt the fixed 
ſtars muſt be in circles Miclined to the equator; therefore the ſame appearances 
will take place in, each, in the time they make one revolution in their orbits; 
All theſe different appearances in the motion of the moon muſt therefore hap- 


pen every month. It is evident alſo chat theſe. variations muſt be greater 


or leſs as the orbits ate more or leſs inclined to the equator; hence they 
müſt be greater in the moon than in the ſun“. This apparent motion of the 


ſun, and real motion of the moon and planets amongſt the fixed ſtars is from 


ou to eaſt, and therefore contrary to their apparent diurnal motion. 


82. Hitherto we have conſidered the motion of the heavenly bodies in the 
Ager hemiſphere; but if this figure repreſent the weſtern (hemiſphere, all. 


the. reaſoning will equally apply; hence the bodies will be Juſt, as long i In, de- 


r nem the meridian to. the horizon as in {ending from the horizon to 


* On account * the poet thine of a Loi of the . moon and 1 their appa- 
rent diurnal. motions will not be accurately parallel to the equator; in ſach therefore whoſe decli- 
nation alters ſenſibly in the courſe of a day, and in caſes where great accuracy 1s required, we muſt, 
» our mon take into —— the change of declination. ., -. 
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: | the ſhore; tlie hulks firſt became inviſible, and then the maſts gradually from the bottom to the top, 
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the meridian, the paths deſcribed will be ſimilar, and they will ſet in the fame | 
| fituation in reſpect to the weſt point of the horizon as they riſe in reſpect to 


the eaſt; that is, if a body riſe from the eaſt towards the north or ſouth, it will 
ſet at the ſame diſtance from the weſt towards the north or {oinths.;! i cl! 

83. Having thus explained all the apparent diurnal motions of the heayenly 
bodies, with the cauſe of the variety of ſeaſons, we ſhall proceed in the next 
place to ſhew the method of determining the poſitions of the different circles, and 


the fituation of the eee ee eee eee Et: | 


ch at any given time, and to find the time from their poſition, . 
84. The altitude PR of the pole above the horizon is equal to the latioude. ar, 


the place. For the arc ZE is (16) the meaſure of the latitude; but PE=ZZR, 
each being =90?, take away Z which is common to both, and BZ==PR*«.. 


85. The latitude of a place may be found by obſerving the greateſt and leaſt 
And of a circumpolar ſtar, and then applying the correction for refraction, 
and half the ſum ſo corrected will be the altitude of the pole. For if ya be the 
circle deſeribed by the far,” then, as Pr=Py, PR muſt SCD Ro. The 
latitude may alſo be found thus. Let Ot be the ecliptic, then when che fun 
comes to e its declination is the greateſt) and; e M is the greateſt: meridian altitude; 
when the ſun comes to the echptic at 7, let ie be the parallel deſcribed on that 
day, and then E is the leaſt meridian altitude; 7 ANC Fas Ee El, * e 


the complement « of the latitude. anne ae r t 0 


ca Ds GY G08 abo dd ee 7 (19300; &107; 


> Prod bee, als ths mobi fear Ws © eumfe re if 
upon a meridian till the height of the pole — one-degreey he: muſt then, have travelled one 
degree; hence by meaſuring that diſtance and multiplying it by 360, we get the circumference. of. 
the earth, This was ſirſt undertaken by our countryman Mr. Nox wood, who meaſured the di 
ance between London and York, and obſerved the different altitudes of the pole at thoſe places. 
Afterwards the French mathematicians meaſured a degree. Cass TH meaſured one in France. 
After that; CIATIXAUT, Maverituts andiſeveral.other mathematicians went to Lapland and mea- 
ſured a degree, the length of which appears to; be 69, 2 engliſh, miles in the latitude of 45%; for the 
earth being a ſpheroid, the 
of the figure of the earth. The figure of the earth was very early diſcovered to be ſpherical; firſt, 
from the ſhadow of the earth upon the moon when it is eclipfed 'being always circular; and ſe- 
condly, from the apparent ſpherical figure of the ſea, and from obſerving that as ſhips receded from 


which was the laſt part that diſappeared; and this could not happen on a plane ſurface. Poss100- 
N1vs mentions that C/ xomzpezs made uſe of a method ſimilar to this in order to determine the mag- 


nitude of the earth. He obſerved that at Alexandria the ſtar Canopus paſſed the meridian at the 
altitude of 72, and at Rodes, tying nearly under the ſame- meridian, it paſſed the meridian juſt at 
the horizon. The diſtance between theſe two places was found to be 3752 ſtades, which multi- 
plied by 48 (7 being the 48d. part of 360”) gives 180096 ſtades for the whole circumference. 
It is uncertain what is the exact length of the 1 appears from the ob- 
ſervations of Cx azzL1 2s that the diſtance of theſe two places is not 74 but only 529; no conclue 


| „ e can be drawn from hence of the accuracy of this meaſuremant. * 


| 86. Half 


+ 


degrees in different latitudes are different, This will appear when we treat 


„ 
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486. Half che difference of che ſun's greateſt and leaſt meridian altitudes, is 
equal to the inclination of the ecliptip to the equator. For half He He, or 
half ge, is equal to Ee which (12) meaſures the angle EOe, the inclination. of 
the echiptit to the equator; Fo- determine theſe altitudes without a quadrant, 
a gnomon AB has been etected perpendicular to the horizon AC, and the 
length of the ſhadow I has been obſerved on the longeſt and ſhorteſt day, 


and knowing AB, the angle B DA is known, which. is the ſun's altitude. 
Sometimes inſtead of erecting a gnomon, a; ſmall. hole is made in the wall or 


roof: of a building for the ſun to ſhine threugh, and a plumb. line let fall from | 


the hole to the floor, the length of ich is meaſured, .and.which, anſwers to 
a gnomon 4B; and the length gf che ſhadow, A from A peing alſo meaſured, 
( 4 being the point where the plennb line meets the floor) the angle BAG 
becomes known as before. Dr. Loxs made uſe of this method to find the 


latitude of Pembroke Hall in 99 from the known declination of 
the fun: He made wel; latitude 52 12%. 5 5, ; 1 bis ee page 513. 


e 


38. Let hats be; A ren of declination deſeribed by any 06 body 
in the eaſtern hemiſphere, and draw the circles of declination Pb, Pd, Px, and 
the circles of altitude Zh, Zc, Zx. Now, as has been already explained, when 
the body comes to & it riſes, at c it is at the middle point between à and e, and 
at d it is due eaſt; and let æ be its place at any other time. Let us firſt ſuppoſe 
this body to be the fun, and not to change its declination® in its paſſage from 
a to e, and let us ſuppoſe a clock to be adjuſted to go 24 hours in one apparent 
diurnal revolution of the fun. or from the time it leaves any meridian till it re- 
turns to it again, then the ſun will always approach the meridian which it has 
left at the rate of 15* in an hour, or any other circle of declination; alſo the an- 


ole which the fun deſcribes about the pole will be at the ſame, rate, becauſe 


(13) any arc xe, which the fun at x has to deſcribe before it comes to the 
meridian, meaſures the angle Pe, called the hour angle. If therefore we 


ſuppoſe the clock to ſhow 12 when the ſun is on the meridian at @ or e, it 


will be 6 o'clock when it 1s at c. And as the ſun deſcribes angles about the pole 
P at the rate of 15 in an hour, the angle between any circle Px of declination. 


_ * Knowing the longitude and time nearly at any place, the ſun's declination may be found at 
that time by firſt taking the declination for noon on the given day from the nautical almanac, and 
then correcting it for the difference of the meridians of the place and Greenwich, aad tor the hour 
of the day, by the 6 of the Reguzſite Tables. Theſe tables were computed to facilitate the com- 


putations from the nautical almanac, and were publiſhed by the Board of Longitude. 
paſſ- 
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bg beg ie wü at aid the meridian PE, converted into time at the 


rate of Th* for an hour, will give the time from apparent noon, or hen the 
nfl tithe maRtdhngs)s 2d enter (or) Hof A of hs ei oh Uzil 
89, Swen che ſurs deviation and latitude f the place, to find the time of 
its'riſing, and zimuth dt that time. The ſun riſes at iz; and in the triangle 
52, BZ=90, „Pr codec. PE iat. Now when one ſide of a triangle 


9D it may be ſolved by the circular parts, taking the angles adjacent to the 


fide'=90", and the complement of the other three parts for the circular parts. 
Hence, rad. : cot. 5: cott ZP : eos, Z Pb, or rad. :: tan. der. : land lat. : cos: 
ZPb the hour angle from u 1001; which converted into time at the rate of 


52 141 for an hour, and fubtracted from 12 0 clock, gives the' apparent time of riſ⸗ 


ing. Ale fim ZP fad f: es, „f fin. Pb, or, cot. lar. rad. ben, di.: 
cus. 7 Wee try the Worth: INE 1 1 1 beg b 


. Given [the laat of, . Conv: 7 oy 121 time Shs. t. and 
u. 525 * 35 af to "find. che time | it gives 84. 115 "which ſubtracted 
of the, ſun's Tiling « on the! longeſt day, from 12 9755 705 0. 54. for the time 


4 5334 


and azimuth at that time, alſumi uming the when the ſun's 8 center is upon the rati- ; 


greateſt declination of 2 ſun 23˙., 28. onal horizon on the longett day. Alſo 


UE. ont wen 20 0000000. |-. Los. 52% 12 355 o. 2127004 4. C. 
3 5, a. - = =: 10.0000000 . 

"Th. 2g 30). nc51007/>09-Hgp6306 4. Lin. 2 * 28. WR 95 6001 181. r 
TT: an. 547. 12. 350 | 100 449 TH ESQ 23 ab 5287 


1 nis Fr „ 28. of * 
"Dos. 1247. 25 * 55 -9 7480805 | a2. ; from nt . 7 1 


— F a ; 3 AY 


Hoa on who h 5 * fan riſe 40%. 31“. gu 3 the * | 
90. To find the ſun's altitude at 6 o'clock.- The fun is at c at 6.0 Aok 


and the angle Z Pe is a right one; hence, Wat cos. 2P :: ragt be cos. en 


rad. : fin. lat. :: fin. dec. : fin. of the altitude. | 
91. To find the time when the ſun comes to d the prime vertical, aid its 

altitude at that time. In this caſe the angle 4ZP=9o*; hence, cos. ZP: rad. 

:: cos. dP : cos. Z &, or, fin. lat.: rad. :: fin. dec. : fin. of the altitude. Alſo rad. 


ct. FA. z tan. PZ: cos. Z Pa, or, rad.: tan. dec. :: cot. lat. : : cos. Z Pd, which 


conyerted into time gives the time from apparent noon. 
92. Given the latitude of the Place, the ſun's declination nd atrud, to find 


J 


* This log. 9.748080 5 is found in the tables to bo the log. coſine of 559% 57. 13”, but as the 
angle is manifeſtly greater than ꝙo, we muſt take its ſupplement. In the ſolution of ſpherical tri- 
angles, ambiguous caſes will fiequently ariſe, for the determination of which, where the caſe is 


not evident, the reader is referred to Dr. wines rm, 5 vey Rs Introduction to ane 8 


Logarithms. 
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| its izimuth and the hour. Let x be the ſun's place; then by Pher. trig, fin. 
Px ſin. E P: rad.“ :: ſin. 4 Fr PE- Ex x fin. L Px+PZ—Zx : cos. PY; 
hence Zr is known, which converted into time gives the time from apparent 
noon. Alſo fin. E X ſin. P: rad.“ : fin, 4 K ER + ZP r & ſin. f X 
Zx+ZP—Px : cos. TZ; Bande the azimuth xZP ftom the north i is known. 
Ex. Given the lat. 34 55 N, ſun's declination 225. 22. 57” N, and 
true altitude gy. 59'. 39”, to find the apparent. 8 time. n Is , 
1 amg; &. 21%, M 375 3“; hence, | 
v7 | rg 677. 3/30 arith. comp. of ſine ego 
7 | d O £IMO3 T& EP 55. %o. arith. 5550 80 1 ebenes 
1 6 7110 A Tar. bits ;ooxrriod 21 i 21 T0307; < 
/ Sum 175: 42. 7; By 8 J C DES van 
Sam 87. 51.12 ine „ 9.999694 
1 4910 2 0 en eee 5 N e 
1 WO Di. 34 5% 5 55 abe N e 7 wy 1 
. 1801 29. 876838 ; __ 


J. $4 ; p " 4 
— ® << * "WW * k c - + ©: — 4 a 7 
* : „ , ' ; : | : 1 4 „ : 3 
2 4x P 3 : : 14 8 1 & of 83 e = © * ry „ * 
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|; 297. 47. 445 half the Ne ZPu, - 0 Z Pg 59˙. 3 pp” 28”, which reduced into 
time gives 3. 58“. 22“ the time from apparent noon. | 

93. If the error in altitude be given, we may chus nd the e error in time. 

La mn be parallel to the horizon, and nx repreſent the error in altitude; then 

as the calculation of the time is made upon ſuppoſition that there is no error in 

the declination, we muſt ſuppoſe the body to be at t inſtead of x, and conſe- 

quently the angle Px, or the arc gr, meaſures the error in time. 5 | 
Now nx : xm :: fin. umx : rad. 

xm: 19 $005, c rad. (13). RY WOE | | 
$32.24 18 0 
my | 


_ 


hangs uns : qr : ü. um rad. 9 
Y #X 008. 7." rad. pr iN | i umMx X COS. rx * . 


xb um, xm being the complement of both; "46 fin. ZxP, or amæ: fin. 
| ZP :: er ZP: fin, xP, or cos. vx, .. fin. nmx X cos. rx = fin. ZP X ſin. xZP; 
e ht Ss 0 le ence 
hence, gr = ar * An. 25 X fin. 725 = 1x WM cos. It. X fin. azl. 52 „ 
the error is, leaſt on the prime vertical. All altitudes therefore to deduce the R 
time from, ought to be taken on, or as near to, the prime vertical as poſkble. In 


lat. 2% 125 if the enor in alt at an a2 4 24 ber” chen 21 2 
5 _ 50 69 04:18 e e 55 


= 2 4 60 degree c 9 336 1 1 2 
Hence the perpendicular aſcent. of 2 body ; is Pars = Se it is on | the 


prime vertical, for 1.x varies as fin. azi. when 9” and che lat. are given. 
C | 94. Gwen 
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94. Given the latitude of the place and the ſun's:declihation, to find * 
time when twilight begins. Twilight is here ſuppoſed to begin when the ſun. 
is 18* below the hotizon hence draw the circle 2 E parallel to the horizon and 
18 beloweit, and twilight Will begin when' the: ſtim comes. to , and Z. 108%; 
hence in. 'yP/)X fin BP radif:' inc 13 PEP Py: $1087 6 ihe 3 
Z + Þy — 108* : cos. EE, ein ee 
giyes the time from apparent non. 00099 

95. To find the time when the EAR diurnal” Da of a fixed gur h 
perpendicular tothe horizon. Eet v be the parallel deſcrihed by the mar z 3 
draw the vertical citele Z touching it at o, and when the ſtar comes to 9- 
its motion is Feen to the horizon; and as the angle Zo is a right one, 
we have, rad.: tan. oP :: cot. PZ : cos. E Po, that i 15, rad. : qr. dec. : tan. 
lat. : cos. Z Po, ; which converted into time 0 Tab. 1 v gives the time from the 
ſtar's being on che meridian. Hence the time of the ftar's coming to the me- 
ridian being found by Art. 105. the time re vired will be kno 

96. To find the Tue of the ſhorteſt SE © Fer Ab be ab Jan rallel of 7 
ſun's declinatidhi Mm At the tirhs required, draw I indefinitely nearand Fre to it. 
and T paralleb to the horizon 18 below it; then vPro, t meaſure the twilight 


on each parallel of declination, and wheri the twiliglit is ſhorteſb, tlie indrement 
of the hour angle being So, theſe muſt be equal hence v 22wPtz; therefore - 


ur = a and us = ter und the angles r and 2 are right ones, rVs Z 2wf;. 
but Purzi get =z Zo; rake Zur from both, and Hf u.; for the lame rea- 
for Prog u hence mt; ProZy: Take ve=w2'=g0% then as Pu =. 
Pw, andithe angle Nur Prot, therefore Fe et fall the yy — | 

| „ e e 0 2Gny odd eigen ID 2:8 ol cos. PU cs. Pe . 
Py and it will bilect the baſe 2. Then _ trig. cos . N TIE" 5 fe "It 


: IS. wp: Wo" 
alſo cos. Py == r= 005. 2 ; hence 05. Ph —s: 32.2; 2. cos. Po, or- 
fi; ö mg bein, e Nen: . : * 99091 


ET 20D. X BON > 


ſitt. e 
lin. u, £95. L err, Sate, an aher . cos. EE. of 


fn: Lt. 2 SPE — o * firt- Ade ſutbs dechnation at the tine re 
twilight. Becauſe PZ. always, le6-than gos, and Zy = 1.55.9 therefore F 15 al- 


4441011 


ways leſs than go; and therefore its cofine is Pose ot alſo uy is always greater 
90% thereforeits tot il Hegative . He Cs D bi A $6632 oy) 
is negative, cofecfuentfy h WISreitef haf 90 therefore the Serbe 


is /outh, © This is M.Cagnolyyg Inveſtig Won t il ni 1011 3033 „1. 23 32 


09% To find the length of the Monet twilight. As wPZ = vpe, therefore 
Z Pe = vPw meaſuring the ſhorteſt time. Nowefn. Es or cos! iat. : rad = 
fin. Zy g. ſin Z By, which ddubled gives _ or e, en converted. 
ehpth/of the'ſhorteft $llight/5 t. 
0 ,p0 # Ex. 
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Ex. To find the time of the year at Cambridge, en the twilight is 
ſhorteſt ; and the 2 of that twilight. 

Rad. I . 21 $ OATS 51 . 2 4 E 5 10,0000000 

Sin. 52*. 12/. 35 WOT e 61þ67 941 9,8977695 

Tan. 99 »„ 91997125 


Sin. 7. 117. 25˙ dec. 8 o $56 * . 9,0974820 - 


$ } 


This declination of the ſun gives the time about March 2, and October 11. 


Coſ. 5 12% 3 85 5 8 0, 2127004 A. C. 
S d ß |» > Wo IOGTTIS 
Rad. 0 0, 000 


Sin. 14“. ar. 7 = „ 2 825 


The double of this gives 29% 34. 54", which: comieplad:d into time gives 
1h. 58, 20” for the duration of the ſhorteſt Wart i r e to end 


when the ſun is 1 ty below the horizon. 


98. To find the fan's Geclinatzon when it is juſt twilight all night. Here 


the ſun at a muſt be 18 below the horizon; hence 18 dec. 2a= RQ = EH 


= COMP. of lat. of place; hence the ſun's dec. = comp. lat. — 18*; look there- 
fore into the Nautical Almanac, and ſee on what days the fun has this declina- 


tion, and you have the time required: The ſun's greateſt declination being 


23*. 287, it follows that if the Complerricnt of latitude be greater than 41*. 28', 


or if the latitude be leſs than 48* 32“, there can never be twilight all night. If 


the ſun be on the other fide of the equator, then it's dec. = 18*. — comp. lat. 
99. If the ſpectator be between E and L, and the ſun's declination Ee be 


greater than EZ, then the ſun comes to the meridian at e to the north of it's 


zenith; and if we draw the ſecondary Zam touching the parallel ae of declina- 
tion deſcribed by the ſun, then Rm is the greateſt azimuth from the north 


which the ſun has that day, the azimuth increafing till the ſun comes to 2, 


and then decreaſing again, and the ſun has the ſame azimuth twice in the 
morning. If therefore we draw the ſtraight line Zv perpendicular to the ho- 
rizon, the ſhadow of this line, being always oppoſite to the ſun, would firſt * 
recede from the ſouth point EH and then approach it again in the morning, 


and therefore would go backwards upon the horizon. But if we conſider 
PP! as a ſtraight line, or the earth's axis produced, the ſhadow of that line 
would not go backwards upon that plane, becauſe the ſun always continues 
to dre about that line, and therefore i its ſhadow muſt always go forwards; 


2. | whereas 
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whereas the. ſun does not revolve about the perpendicular Zu. Hence it ap- 

pears, that the ſhadow of the ſun upon a dial can never go backwards, becauſe: 

the gnomon of a dial is parallel to PP“, and therefore the fun muſt always 

revolve about the gnomon. The time when the azimuth is greateſt is found 

from the right angled triangle PZ, by faying, rad. : tan. P:: cot. PZ: col. 

25g, or rad. : cot. dec. :: tan. lat.: caſ. PZq the hour angle from. apparent noon. 

100. It has hitherto been ſuppoſed, chat it is 12 o'clock when the ſun comes 

. to the meridian, and that the clock goes jult 2+ hours in the interval of the 
4 ſun's paſſage from any meridian till it returns to it again. But if a clock be thus 
adjuſted for one day, it will not continue to ſhow 12 o'clock every day when the 

. ſun comes to the meridian, becauſe the intervals of time from the ſun's leaving 

any meridian till it returns to it again are not always equal; this difference be- 

tween the ſun and the clock is called the Zquation of Time, as will be explained 

Fic. in Chap. IV, Hence, when the clock does not agree with the ſun, any arc xe 

8. js not the meaſure of the time from 12 o'elock, but from the time when the 

ſun comes to the meridian, or from apparent noon®. 

101. In the ſame manner as we find the hour angle for the ſun, we may alſo 

find it for any fixed ſtar or planet, it's altitude and declination being given; 

but when the hour angle is thus found, it is neceſſary to know the time when 

the body is upon the meridian in order to find the time from thence, the hour 

5 angle being the diſtance from the meridian; alſo the method of reducing the 

Fi. hour angle into time will be different. For let E be the earth, mA the equator, 

12. er a meridian paſſing through a fixed ſtar S reduced to the equator; then as the 

- | meridian returns to the Kart in 234. 56'. 4“ after leaving it (127), we have 360* 
: hour angle :: 2 3. 56.4” : time from 8 meridian. Now let P be a planet, 

and the meridian u to oak through it ; then the meridian will return to that 

poſition again in 234. 56'. 4 now let PV or Py be the planet's motion in 
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right aſcenſion in one day, according as it's motion is direct or retrograde, and _* 
reduce this into time (:) at the rate of 15* for an hour, which will be ſufficiently 1 
exact for ſo ſmall an arc, then the meridian returns to the planet again after an 2 
interval of 23h. 56'. 4"==; hence the meridian, after leaving the planet, ap: 
eee it at 5 rate of chat time for 360®, 1 when the meridian leaves | = 
at heb FOE OTE the . 4x 


* The converſion of the hour angle into time for the ſan at the rate of go for an hour, by a 
clock adjuſted to mean ſolar time, is not accurate, becauſe the ſolar days are not all accurately | 


equal to 24 hours, but to 24h. the variation (e) of the equation of time for that day, according 
as the equation is increaſing or decreaſing; hence, to reduce the hour angle to give accurately the 


time from apparent non, ſay, 300% hour angle (a) :: 240. Ke: time = = Xx 24h, += te; 


hs. in this cafe. the 1 inſtead of returning to the ſun in 24k. returns to it in 24h. = e, 
This quantity e is ſometimes 30“, and therefore if 2 609, the correction would be 5˙.Q A clock 
is adjuſted to mean ſolar time, when it is adjuſted to go 24 hours in a mean ſolar . See An. 127. 
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the planet it is then approaching a point 360? from it; lente _ ö en an- 
gle :: 234. 56, 4 K 7: time from the meridian. ith 
102. The hour angle which we have hitherto found for the time at which a. 
body riſes has been upon ſuppoſition that the body is upon the rational horizon 
at the inſtant it appears; but all Bodies in the horizon are elevated by refrac- 
tion 33 above their true places; this therefore would make them appear when 
they are 33' below the rational horizon, or go* + 33 from the zenith; allo all 
the bodies in our ſyſtem are deprefſed below their true places by parallax, as 


will be afterwards explained, therefore from this cauſe they would not appear 


till they were elevated above the rational horizon by a quantity equal to their 


horizontal parallax, or when diſtant from the zenith go? hor. par. Hence 


from both cauſes together, a body becomes viſible when its diſtance ZF from 
the zenith = 90? ＋ 33 —hor. par. being the place of the body when it be- 


comes viſible, 3 the zenith and P- the pole; hence knowing Z V, alſo Z P the 


complement of latitude and PV the complement of declination, we can find. 
the hour angle ZPY, A fixed ſtar has no parallax, therefore ZFR ge. 
103. If the body ſenſibly alter its declination in a fe hours, as the moon 
does, the time of its rifing ' may be thus found. Let w be the place 
of the moon on the meridian, when in the horizon, and d the point 
when it becomes viſible, ſo that em is the change of: declination in» the 
time from riſing to the meridian. Now from knowing the time (105) of 
paſſing the: meridian, and the declination at noon, with.the: change of declina+ 
tion in the interval of the pafſages of the moon over the meridian by che Nau - 


tical Almanac, compute tlie change of declination in the interval between noon 


21 


FIG. 
13. 


Fi6.. 
14. 


and the time of the moon's tranſit, and you will get the moon's. declination 


at the time: of its tranſit. To that declination compute the hour angle 


upon ſuppofition that the declination” continued the fame as on the meridian; 
which will be nearly the angle 0 Pd. From the Nautical Almanac find the 


change (v) of declination in the interval ) of time from the moon's paſſage 


over the meridian till it returns to it again; then fay, 360˙: hour angle :: : 


the change of declination in deſeribing that angle, which added to or ſubtracted 
from the declination at tlie time of paſſing tlie meridian gives very nearly the 


declination at riſing; to-which / compute the hour angle and convert it: into 
time as before and fubtra@ it from the time of paſſing the meridian, and 1 70 


very nearly the time of riſing; and if greater accuracy ſhould be required, the 
operation may be repeated by taking this hour angle. * 
Ex. To find at what time the moon roſe at Greenwich on 3 1j 1765. 


The latitude of Greenwich is 51% 28“ 40⁰ 5 and (105) the moon paſſed the 


meridian at 44. 2. 9˙% nom = 24, 40; and 9 = 5%: 28 hence 24. 40: 
40. 2. 97; Sf * 537 38, the change of decipaionn-4h. 25 95 "2, Which, 


hs. et. OR 
a8 2 


— 
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| as the declination is decreaſing, ſubtracted from g. 22', the moon's north de- 4 
clination at noon, leaves 4*. 280. aa for the 'moon's-declination when it was on 9 
N the meridian; hence we take Pd = 8g. 31“, 38“, alſo PZ = 389, 31“, 207 and x 
as the mooms hor. parallax gf. 21”, and refraction 33, we have Zd = 89“. 9 
38˙,. 39“, hence the angle E Hd g. 3 30“. Hence 360. 957.23. 60: 55 „ = 
+28! 19, 260 37“ che ane of declination in the;tune of deſcribing 95*.'3". 500, 1 
which added to . 28. 22“ gives 3“. 54 59" for the declination at the time 4 1 
of riſing very nearly; hence Nu = 84% 5. 1“, therefore the angle 'ZP4 = 90. 1 1 
F. 27; hence 360 96% 547. 2 1 l. 40: 646. 285 22” the time of deſcrib- 1 
ing the angle Z Had, -which ſubtracted from 4. 4. 9, the time when the moon 
was on the meridian; gives the time of riſing 21. e ne to ag. 
81 47 in the morning apparent time. hood 8 besoffen tod n 
flog, In determining the time when any body tiles, or When it is: jy any 
Audis alticude or poſition, it has heen ſuppoſed that we know the time at 
ich it comes to the nietidian; the dete minton af this eee muſt 
thetefofeche nest explamed.z£1ic:,q on ea wt bout U NAG n 20 51 1 
_-_ 122657 Let a clock be adjuſted to mean ſari time, which-we - hay; therefore - 8 
1 - confider/as the time] from the ſun's leaving the meridian till it returns tos it "2 
again, where great accuracy is not required, the:difference'being only the vari- of 
I» ation of the equation of time in 24 hours. Let & and H be the places. of the 1 
ſun and a planet reduced tothe equator; then the meridian r approaches the 
ſun at tlie rate of 15 an hour; for when it leaves the ſun at S- ib may be 
conſidered as approaching a point at that time 360. from it, and which it comes 
Fis. up to in a4 hours; hence if any other point were moying forwards. wich the ve- 
12. locity of che ſun, the metidian would approach it at the lame rate, Therefore 
if che —_— at Dana nete unn bet jy ane leg has ef the ſun, 
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mein that: of che — the. Planet's | motion in "right. ben bein e 8 
chan bst of che func» Let x hei the difference of their motions in right, —— We 
front in aA hours reduced into, time, and = SP reduced alſo 8 time in like 1 
: mannerzthe: planet; being at at the time the meridian paſſes through the ſun 

at &; and det o be the place .of»the planet when the meridian overtakes it, —_ 
and be the au, Der in time; then the motions. of the meridian. will be 24..and - = 
* e, and of thef planet in Per e HA * d 40 h as we may conſider 4 18 
each motion as uniform, 24 * * + ef 2 4 249 * 5 7 * pre 1 
This Anden dns if the olantr's motion be greater chan the ſun s, but if the 
arr ira rqgong thanx ſelf ameri- and. therefore — x will be poſ- 


| e 7 be F * þ if 017-2; 5 "Tn \ ELIF: — = 11 I 
ki ive; ;” hence e * = — the aste ; + 2 the time 
* 24 T* 4 a 24 F 24 F | 


from 
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from apparent noon when the planet paſſes the - meridian, where the 
upper or lower ſign prevails according as the planet's or ſun's motion 


is greateſt. If the motion of the planet in right aſcenſion be retrograde, it is 
manifeſt that x is the ſum of the motions of the planet and ſun in 24 hours, for 
the bodies moving in oppoſite directions they approach each other with the um 
of their motions; let therefore 2 be the place of the planet when it comes to 
the meridian, then the motion of the meridian from its paſſage through the 
fun . n e be *— 63. hence 24: K :: Pe ic, therefore 24 f * 
nt: | 485 — hence the time required = : Bot as 


the diviſion GP + is not fo convenient as it would be by: 24, therefore "Ty 


folye A 4 into t $i — ; 1 &c. where the two. firlt terms will be lol 
cient” for all caſes except Ihe moon, ll; it 1 be necefikry to take the VEL a 


= a fixed ftar a will repreſent the indreafe of = ſun's right aſcenfion in 24 
1 259% "2g bi 81 bor ty | 
"= ours, and che time required = ka = 1 —— N By this method we find, 
. very Ne, the time at which any body comes to the meridian, and hence, by 
4 the laſt articles, we nap find the time wg its. 8 or the eimer _ e al- 
titude. Vine. 1 ni B. N . 5 


EOS 


Ex, To find the time of the moon's paſſage over the meridian at 8 on 
July 1, 1767: The ſun's AR. when on the meridian” that day was 64. 40. 25", . 
and its daily increaſe 4. 48˙; alſo the x moon's AR. was 10h. 38.8", and its daily in- 


creaſe 4²⁵³ 28. Hence 7 10%. 369 AT 40. 25” ,- 34. 55: 45. a. 
(Tab. g. ), alſo ey 42. 1 oY 380. 20" = 0.6388; h hence ror 16 


6 ———k·- — — . 


* 5 . IS, — 8 ; 


24. — 484 © therefore t- ＋ 1 24. = 4h. 2. 9 "the apparent time of 'paſſing the 


meridian. 


Where great accuracy of time is > required Bas an, obſerved, KF "28M FE: 
body made; uſe, of muſt be the ſun or a fixed ſtar. The method of Geog ans 977 a 
time by the ſun has been already us paar 16d fre 11 cons e _ a ſtar may 1 7 
Pe fund by y the following method. ei FOREST wo Lib ol Nh th 
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triangle PE (* e e the ck ek che we have 2 A e PPE a” 
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of latitude, Px the compllemetit of dedination and Zx the complement of 

the ſtar's altitude, to find the angle ZPx, the ſtar's diſtance from the meridian, 

which convert into time. Now the point of the equator which is upon the me- 

ridian at any time, is called the mid-heaven;; therefore the angle Z Px mea- 

ſures the ſtar's diſtance from the mid- heaven. Hence, if the ſtar be to the eg 
of the meridian, ſubrraft i its diſtance from the meridian from its AR. (adding, if 

neceſſary, 24 hours to its AR.), and the difference is the AR. of the mid - hea - 

ven: But if ſtar be to the weft, add them together (ſubtracting 24 hours from 

the ſum, if greater,) and the ſum gives the AR. of the mid-heaven*. Then 

find the ſun's AR. at the preceding noon at Greenwich from the Nautical 

Almanac; and from thence at noon at the given place by the 23d of the Re- 

quiſite Tables, and ſubtract it from the AR. of the mid-heaven (adding 24 

hours to the latter · , if neceſſary ), an and the difference would be the apparent 

time from the preceding noon, or the eſtimate time, if the ſun had had no mo- 

tion in that time; but as it has moved, find that motion by. the 23d of the 

| Requiſite Tables, and ſubtract it, and it gives the apparent time required, — 

N Hence, if we apply the equation of time it gives | the true time, Which 
| compared with the watch ſhows how much it is too [faſt or too | flow ; "25338 
and by repeating the obſervations, the rate of going of the watch may be dere. "my 

1850 | mined; but this will be further explained in Chap. IV, | | 


kx. On April 14, 1780, lat. 48, 56”. N. lon. 66%. W. the true alti- 

tude. of Aldebaran welt of the meridian was 22% 1 7 50; to find the! ner 
Braun's AR. for noon at Grectwich by the Nautical Alm anac 1h 31 7 i” | 

„„ Wi | Corrected for the Long. by the 23rd. of the Roquiite Tables + 4 


Sun's AR. at noon at the given pee Eh <* « = 1. 2 — bs 


371 2 2 8 "4.6 Lf 


„ ene e e 
mmmorn. Let E repreſent the equator, E the point on the meridian, V, V., Y”, different poſi- 
8 Fig tions of che point aries, in reſpect to the place 4, of the ſtar referred to the equator, Aon the = 
7 15. weſtern fide of the meridian, and A on the eaſtern; I the point to which the ſun is referred; = 
$1 85 7 YEBQ the direction in which the right aſcenſion is meaſured. Now ſuppoſe the ſtar at 4, to the 1 
„ - eaſt of the meridian; then, 1. TA AES YE. 2. A - AEN =—24h. + Y" 
E. Y'4+24k.—- LE = Y"QE. Now ſuppoſe the ſtar at A on the weſt fide; then 1. 7 
A+ AE=YE. 2. * AE — 20. = = ft tae + TRY 7 6am = AA ne | 
** rA A. f 20 17 = 22101 T5 {3 {12.59 654 3 i D Lit 


2. + Por, 1. 02 EGB. 4. J 4 14h V2 77 E4'B e 
* 0. becauſe YE + 24 = . | 8 
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Alſo by Requiſite Table 7, the ſtar's dec. is 165 3. N. _ Hence ZÞ = = AV". 2 


4 Zx = = rat 42. 10", & 73*- 573 hence by ſph. trig. 
Pr =" 13*%..57- ol arith. comp. of ſine; o. 017344 
ZP= 41.,4; 9 anth. comp. of fine 40s: 2. wi 


Er = 67. 42 10 Fr 154.08 


ee 


_— ” i #4, | 0 5 
Ur 14 : 7 5s « 7 34 * 4 #£ . TE a. 
4 gl 0 - 4 41 1 F " - ” 4 # > b 


Sum = 182... 43 10 


1 Sum . 91.21.35 ane - ,- 9999874 
Z = 54 — 4 10 2 une b , c 25 

—— N 150) - . 
Dif. 2 23. 35. 25 gl [18 x ek? 51725 9.66345 


5 k N | cj 112 ige N | 
| f. 9.901 539 the coſine 
4 3. 8“ 3 hence the angle xPZ (orin Fis 16. 1 155 the arc AE) .. 16. K 
or in time = 45. 57. oy hence #5 he. 1 Te) . Duc. tug? 328 05 Fes x4 


Star weſt of merid. . 57. 8.7 Kü Time 72 48 4s 
Star's AR. by Req. Tab. 74 13. 20 | Corree from Req. Tab. 5 — 1. 12 


2 - 


AR. of mid-heaven - 9 . 20. 28 
Sun's AR. at noon = - 1, 32: 42 10 Apparent Time req. ng 7. 47. 34 


% 
1 s * a 


107. The time of the 3 * a far over | 3 may be found (78) 
from taking the times at which it had equal altitudes on each fide of the meri- 
dian, and biſecting the interval. If equal altitudes be taken at 8 and 11 


o'clock, the ſtar was upon the meridian at half paſt ꝙ o'clock.” But for the ſun 
this. will want a correction, owing to its change of declination, on which ac- 


A 


count it is not at equal altitudes when equidiſtant from the meridian. If be be Pic. 


the diurnal arc deſcribed by the ſun in its aſeent to the meridian, and ed in its 16. 
deſcent from it, and n be drawn parallel to HOR, then the ſun is at equal 
altitudes at and #, and the angle pn, or the arc gr, meaſures the difference of 
the times at n and n from the meridian; when we therefore biſect the interval of 
the times at which the ſan was at m and n, we muſt correct it by half Pu, or 
half gr, in order to get the time at which it comes to.the meridian. This cor- 
rection is called the equation of equal altitudes. Now by Maupvm s trig, 
art. 297, Or CRACKELT'S Tranſlation, if 4 S the variation of the ſun's dec. in 
the interval of the obſervations, 7 = tan. lat. v tan. decl. at noon, 5 = = ſine, 
Stan. of the hour angle from noon at the time of. the obſervation, ex. the 


bal interval of times for the W 5 that angle; z, "then 2 27 = * 44 . * * 7 
D eee 
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ba BS — ; or as the value of 4 it in tim e 7A - ſeconds, eſtimated at 


the rate of 1 fore r 'hour, or 1 5˙ er 1 -econd. of time, therefore the 
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Wi correction == * 2 — ſeconds of ti time , Where the 8 — 8 to be uſed when 
| 11 the lat. and decl. are hook north or both 5 und + wha one is north 
N ard the other ſouth. Now in north latitude, when che ſün approaches the 
10 north pole, or is in the th. roch. 11th. oth. 1ſt. 2nd. ſigns, it is manifeſt from 
1 the figure that the ſun, after paſſing the meridian, will not come to the ſame al- 
1 titude as at the obſervation before, until it be at a greater diſtance from the 
| meridian; therefore the middle point of tire between the oblervations muſt be, 
15 when the fur has paſſed the meridian, and the correction muſt be ſubtracted. 
1 When the ſun is in the other ſigns, receding from the north pole, it comes to 
& INK the ſame altitude at a leſs diſtance from the «meridian ; therefore the mid- 
„ dle point of time muſt be, before the ſun comes to the meridian, and conſe- 
1 i quently the correction mult be added. To facilitate this. computation, Mr. 
1 Was conſtructed and computed. a, ſet of tables which were publiſhed in 
* the 3 Almanac for 17733 theſe : are called Equation to t 
: 8 To CIs: the 7 ime lle Sum i is s paſſing the Meridian, or "the horizontal or nanu 
8 0 6 Wire os Teleſcope. 8 8 | 
1 Fs. =the-di 4 of the ſun, eſtimated | in ſeconds of a gr 
1 8. circles en (as the mib es in mx, conſidered as a ſmall circle, muſt be 3 
„ in proportion as the radius is leſs, becauſe, when the arc is given, the angle is 
145 inverſely as the radius), fin, Px, or cos. dec. rx : rad. :: ſeconds 4 in mx of a 
0 great circle: the ſeconds in mx of the ſmall circle ed which is equal to (13) the 
{ 1 in yr the angle 7 Pg, and therefore the angle g= d divided by cos. 
. dec. (rad. being unity) d X ſec. dec., which meaſures the time the fun is 
* | L paſſing over its. diameter, and conſequently the time the diameter would be in 


paſſing over the 8 ne W in. Art. $691 the time of paſbng the meri- 
24 ſec. dec: = | 


Son 


a get INETTT BE 
reg. "Hence gr, the fails denswr in right denken. is equal to Fd X ſec. 


os If therefore the fun's diameter = =32'= 1920", and its dec. 205%, its dia- 
meter in right aſcenſioa = = 1920” X 1,064 = = 347 27588. T he fame will do 


for the moon, if 4” = its diameter. | 
7 110. By 
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ON THE DOCTRINE OFTHE SPHERE, 


- 


rad. 2 6 
9 1e. By Art 93. SOX Ge Ea = = ſun's dim.) 


40 * —— 2 3 hence, as before, the time of deſcribing gr, or the time 

in which ahe fun aſcends perpendicularly through s ſpace equal to its diame- 
LV 1 IS 

ter, or the time of paſſing an horizontal wire, Is equal to. T7 1 * 


The ſame expreſſion muſt alſo give the time which the ſun is in riſing. 
IHA = 19800 the horizontal refraction, nnen 15⁰ g aue 


F 


refraKtion accelerates the ring of the ſun by 57x =r Tar Kan — RE 
| fin; am 
fin. arm 


fin.umx } © aft. l 1 er i rad. * Us | 
na x fn, nm En NN For ho gs 5. and it 


un d, we find the _ in which the inckinociteh notion fe ſun iv-qualto 


2 Bruder 9h 
which i theref re 
its diameter, to be — 8 F<; "FRF e is 0 the time in 


which the ſun would a the vertical 2 of a a teleſcope. 


111. The fin, nam : : ſin, umæ i: n: nx = mn * ; hence (93) 97 


41 


{ 
5 - 0 —_ Fx 


r 0. the Principles 4 Dialing. nite 19) rl vl 


112. ee * — motion of the ſun about 1 axis of the Seth is at the 
rate of 15% in an hour, very nearly, let us ſuppoſe the axis of the earth to pro- 
ject its ſhadow. into the meridian oppolite 1 to. that of the ſun, and then this. me- 
ridian will move at the rate of 13 in an. hour. Hence let zPRp# repreſent a 
meridian. on the earth's ſurface, Pop its AXIS, 2 the place of the ſpectator, 


HK RV a great circle of which ⁊ is the pole; draw the meridians PIp, Pap, &c. 


making angles with PRG» of 1 5*, 30˙, Sc. reſpeQiyely;, then ſuppoſing PR to 
be the meridian. into which the ſhadow of PO is projected at 12 o'clock, 


PI, Pa, Sc. are the meridians into which it is projected at 1, 2, Sc. c o'clock, 
and the ſhadow. will be projected on the plane HK R in the lines OR, O1, 
O2, Go., and the arcs Rr, Ra, Ec. will meaſure the angles RO1, ROa, Sc. 


between the 12 o'clock line and the I, 2, Sc. O clock lines. Now in the right 


angled triangle PR1,: we have PR (84) the latitude of the place, and the angle 


RPI = 1 5%; hence rad.: tan. 15˙ :: ſin. PR : tan. R1; in the ſame manner we 
may calculate the arcs Ra, Rg, Sc. Ia this caſe we make the carth's axis the 


gnomon, and the ſhadow is projected upon the plane AKRY#. But if we take a 


plane abhed at z parallel to HR, and conſequently Falte tothe horizon at 


4 D 2 A. 
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on Tit pocratnk or THE: SPHERE, 


z, and dra zr parallel to POp, then on account of the great diſtance of the ſun 


we may conceive it to revolve about ⁊ f in the ſatme manner as about Pp, and 


conſequently the ſhadow will be projected upon the plane abed in the ſame man- 
ner as the ſhadow of PO is projected upon the plane HK RV, and therefore the 


hour auge are calculated by the ſame proportion. This is an horizontal dial. 
113: Now let NL be a great circle perpendicular to PRpHx, and con- 


ſequently perpendicular to the horizon at 2, and the fide next to His full ſouth. 


Then, for the ſame reaſon as before, if the angles: Npr, Nya, Sc. be 15˙, 30“, 


Sc. che ſhadow of ↄO will be projected into the lines Ot, Oz, Sc. at 1, 2, c. 


o'clock, and the angles NOx, NO2, will be meaſured by 1235 arcs Nr, Na, Sc. 
Hence in the right angled triangle Nj I, pN= the com 

and the angle Npt = 155 therefore rad. : tan. 15* :: f fin, pN : tan. Nt; in the 
ſame manner we find Vz; V;, Oc. Hence, for the ſame reaſon as for the ho- 


rizontal dial, if zabc be a plane coinciding with NVL x K, and at be parallel to 


Op, it will project its ſhadow in the fame manner on the plane za#r as Op 


does on the plane NL x K, and therefore the hour angles from the 12 o'clock line 
are computed by the ſame Proportion. This is a vertical ſouth dial. In the ſame 


manner the ſhadow may be W ey ed PER and the hour 


angles be calculated. e SR 1 kia 11 1 


e e eee e nes _ 


time of the ſun's coming to the meridian; for which purpoſe, find the time (9a) 


by the ſun's altitude when it is at the ſolſtices, becauſe then the declination 


does not vary, and ſet a well regulated watch to that time; then when the 


watch thews 12 o'clock, the ſan is on the meridian; ; at __ LIRA therefore let 


n dial to 12 clock, and it ſtands right. 


115. Hence we may eaſily draw a Sean line pre tay tioeftomtal vials 
Suſpend a plumb line ſo that the ſhadow of it may fall upon the plane, and 
when the watch ſhows' 12, the ſhadow of the plumb line is the true meridian. 
The common way is to deſcribe feveral üer circles upon an horizontal 


plane, and in the center to erect à gnomon perpendicular to it wich a ſmall 


round well defined head, like the head of a pin; make a point upon any one 


of the circles where the ſhadow of the head, by the ſun, falls upon it on the 


morning, and again where it falls upon the ſame circle in che afternoon; draw 


two radii from theſe two points, and biſect the angle which they form, and it 


will be a meridian line. This ſhould be done when the ſun is at the tropic, 
when it does not ſenſibly change its declination in the interval of the obſer- 


vation; for if it do, the ſun will not (107) be equidiſtant from the meridian 


at equal altitudes. This method is otherwiſe not capable of very great accu- 
racy, as, from the ſhadow not being very accurately defined, it is not eaſy to 
dams inſtant of time the ſhadow of the head of the gnomon is biſected by 
- the 
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TO DETERMINE THE RIGHT ASCENSION, DECLINATION, LATITUDE 
AND LONGITUDE OF THE HEAVENLY BODIES. 


* 


Art. 117. PH foundation of all Aſtronomy is to determine the ſituation 

| of the fixed ſtars, in order to find, by a reference to ſuch fixed 
objects, the places of the other bodies at any given time, and from thence to 
deduce their proper motions. The poſitions of the fixed ſtars are found from 
obſervation, by finding their right aſcenſions and declinations by means of the 
tranſit teleſcope and aſtronomical quadrant, as explained in my Treatiſe on 
Practical Aſtronomy ; and then by compare their latitudes and longitudes 
may be found. 

118. Now as the earth 3 8 about i its axis, the apparent mo- 
tion of all the heavenly bodies, ariſing from this motion of the earth, muſt be 
uniform; and as this motion is parallel to the equator, the interval of the times, 
in which any two ſtars paſs over any meridian, muſt be in proportion to the arc 
of the equator intercepted between the two ſecondaries paſſing through them, 
becauſe (13) this arc of the equator contains the ſame number of degrees as 
the arc of any ſmall circle parallel to it and comprehended between the ſame 
ſecondaries; and therefore, if one increaſe uniformly, the other muſt. Hence 
the right aſcenſion of ſtars paſſing the meridian at different times will differ in 
proportion to the difference of the times of their paſſing; and as the clock is 
ſuppoſed to go uniformly, we have the following rule. As the interval of the 
times of the paſſage of any fixed ſtar over the meridian : the interval of the 
paſſage of any two ſtars :: 360* : their apparent difference of right aſcenſions; 
which corrected for their aberration in right aſcenſion, gives their true diffe- 
rence of right aſcenfions. By the ſame method we may find the difference of 
right aſcenſions of the ſun or moon, when they paſs the meridian, and a ſtar, 


will be rendered more exact, if we compare them with ſeveral ſtars and take the 


mean; remembering to apply the ſtar's aberration in right aſcenſion to the ap- 
parent, in order to get the true difference. When we thus determine the ſun's 
right aſcenſion from that of a ſtar, the ſun's aberration, which in longitude 1s 


always 20“, is not here conſidered, becauſe the ſun's place in the tables is put 
down 


and therefore if that of the ſtar be known, that of the ſun or moon will; which 


ro DETERMINES THE RIGHT ASCENSION, c. or THE HEAVENLY BODIES. 31 


down as affected by aberration ; and the uſe of obſerving the ſun's right aſcen- 
ſion is to compare it with the tables in order to find their error. Þ 
119. Now to determine the right aſcenſion of a fixed ſtar, Mr. br 
STEAD propoſed a method, by comparing the right aſcenſion of the ſtar with 
that of the fun when near the equinoxes, and having the ſame declination ; and 
as this method has not been explained by any writers, we ſhall give a very full 
explanation thereof, together with an example. Let AGCKE be the equator, Fs. 
ABC the ecliptic, S the place of the ſtar, and Sm a ſecondary to the equa- 19. 
tor, and let the ſun be at P, very near to 4, when it is on the meridian, and 
take CT = PA, and draw PL, T9 perpendicular to AGC, and & parallel to 
AC; then the ſun's declination is the fame at Tas at P. Obſerve the meri- 
Aian altitude of the ſun when at P, and alſo the time of the paſſage of it's cen- 
ter over the meridian obſerve alſo at what time the ſtar paſſes over the meri- 
dian, and then (118) find the apparent difference Lm of their right aſcenſions. 
When the ſun approaches near to 7, obſerve its meridian altitude for ſeveral 
days, ſo that on one of them at ? it may be greater and on the next day at e it 
may be leſs than the meridian altitude at P, ſo that in the intermediate time it 
may have paſſed through 7; and drawing 76, es perpendicular to AGCE, ob- 
ſerve on theſe two days the differences bm, am of the ſun's right aſcenſion and 
that of the ſtar; draw alſo sv parallel to 29. Hence to find , we may con- 
ſider the variation both of the right aſcenſion and declination to be uniform for 0 
a ſmall time, and conſequently to be proportional to each other; hence vb (the 
change of meridian altitudes in one day): ob (the difference of the meridian 
altitudes at r and 7, or the difference of declinations) :: 6 (the difference 
of am, bm found by obſervation) : Q, which added to &m, or ſubtracted from 
it, according to the ſituation of , gives 2m, to which add Ln, or take their 
difference, according to circumſtances, and we get , which ſubtracted from 
AC, or 1807 half the remainder will be AL the ſun's right aſcenſion at the firſt 
- obſervation, to which add Lm and we get the ſtar's right aſcenſion at the ſame 
"time. Inſtead of finding 49, we might have found 3, by taking T2 — es 
for the ſecond term, and from thence we ſhould have gotten &. Thus we 
ſhould get the right aſcenſion of a ſtar, upon ſuppoſition that the poſition of the 
equator had remained the. ſame, and the apparent place of the ftar had not va- 
«ried, in the interval of the obſervations. But the interſection of the equator 
with the ecliptic has a retrograde motion, called the Preceſſion of the Equinoxes; 
alſo the inclination of the equator to the ecliptic is ſubject to a variation, called 
the Nutation; and from the Aberration of the ſtar, its apparent place is continu- 
ally changing. The effects of all theſe circumſtances in changing the right aſ- 
cenſion of the ſtar. will be explained and inveſtigated in their proper places. 


Now -Fables VII. and VIII. contain theſe corrections for 34 Principal ſtars; 
\ that 


angle 2 = = Aae, we have Qr ae = Asa X cos. Aae. 


10 DETERMINE THE RIGHT ASCENSION, | DECLINATION, 


thats is, if the mean right aſcenſion of any ſtar be taken for the . of the 
year, and theſe. corrections be applied to it, according to their ſigns, for any 
day, the reſult gives the apparent right aſcenſion of the ſtar: for that day. 
120. Let therefore AB CE be the ecliptic, AGCE the poſition of the equa- 
tor at the firſt obſervation when the ſun was at P, and-agce the poſition of the 
equator at the time of the obſervation at the other equinox, and take TC= PA, 


and draw T9 perpendicular to 46 CE, as before, and draw A parallel to ABC, 


and tr perpendicular to 46 CE; let Ae be alſo perpendicular to agce. New as 


the poſition of the equator and the apparent place of the ſtar are altered. in the 


time between the two obſervations, let m be the point where a ſecondary from 
the apparent place of the ſtar to the equator at the firſt obſervation would cut 
it, and v the place at the ſecond obſervation, and draw vw perpendicular to 


AGCE; then Am is the apparent right aſcenſion. of the ſtar at the firſt obſer- 
vation, and av at the ſecond. Alſo the fun muſt be at 7 when it has the ſame 
declination tg at the ſecond obſervation as it had at the firſt, and conſequently qv 


is the apparent difference of right aſcenſions of the ſun at f and ſtar, which dif- 
ference is found by obſervation in the ſame manner as the difference at T was 
before found, when the equator was fixed. Alſo as 29 = Co = Aa, and the 
Now if we 
put M for the mean right aſcenſion of the ſtar at the beginning of the year, and 
S for the ſum of all the corrections due at the time of the firſt obſervat ion, and 
s for the ſum due at the ſecond ; then, from what we have already explained in 
the laſt article, M + $ = Am, M +5 = av, hence if we take the former _— 
the latter, ſuppoſing 5 to. be greater than S, we have 5 — $ = av — Am=a 


+ev—Aw—wn (m lying beyond ww); but ev = Aw; hence —S=ge Fa 


conſequently wm g - S. Now qv, or x, is known, hence we know rm, 
and as Q is known, Qu will be known; and as we alſo know Ln, we get the 
value of QL,* with which we proceed, as before, to get the ſtar's right aſcenſion. 
The great advantage of this method is, that it does not depend upon any 


determination of the latitude of the place, declination of the ſun or accuracy 
in the diviſions of the inſtrument. 


If the latitude be known, we may find the 
declination from the meridian altitude, it being, from Art. 87, equal to the 
difference between the meridian altitude and the complement of latitude, and 
then one obſervation at the ſecond equinox will be ſufficient, becauſe the daily 
variation of the declination and right aſcenſion may be taken from the Nauti- 
cal Almanac. Having thus determined the right aſcenfion of one ſtar, the 
_ aſcenſion of all the heavenly bodies may from thence be found (118). 


* 3 


* Inall theſe caſes, if you draw the fone and put the lar in its proper place, and put a and 


wo in their proper ſituations, which may be done by obſerving whether exv or Am be the greater, 
you will immediately ſee what quantities are to be added together, and what ſubtracted. Fhis 


figure is drawn for the Example. 


If 


LATITUDE AND LONGITUDE or THE "HEAVENLY BODIES. 


If the right aſcenſion of a ſtar, which is not in theſe tables, ſhould be required. 
the corrections muſt be computed by the Rules which we ſhall give in their 


proper places. If the right aſcenſion of the ſtar be firſt computed without con- 
fidering theſe corrections, it will be ſufficiently accurate to Eepprener the correc- 


tions from, and then ay may be applied. 


Ex. Let it bee e final the right akankon of Pollus « on March 205 
in the year 1768, from Dr. MasxRLTxx“'s obſervations. 

On March 24, Pollux paſſed the meridian at 74. 31. 38”, and on te 25, at 
1 313% 66; on the ſame day the ſun paſſed at 04. 16. 35,5; hence the appa - 
rent difference of the AR's. of the ſun and Pollux on the 24th, allowing for the 
error of the clock Lean was 74. IS. 40S = 108?. 45 FOR = n. Now on 


March 24, E | 
Appar.” zen. dif. . L. 5 49% 58. 88˙½% 
© Semidiam. | 4 41 08 — 4: 4 
Appar. zen. ai, © cen. 5 5 eee 
| Parallax - N - — 6, 7 
Refr. cor. for Bar. and Ther. - + IT. 10, 4 
True Zen. diſt, © cen. 1 - 4 - nei . 43. 58 
True Fan altitude — ä 40 16. 2 


* 


PI" 


— — 


To find vhs the ſun had the fame cieridian altitude, or declination, juſt 
before it came to the next equinox, let us take Sep. 18, on which we find, 


Appar: zen. diſt. © L. L. 3 50˙. 2. 37,8 


Semidiam. 5500 - = 15. 59, 4 
1 Appar. zen. ee. Fw 2.38, A 
Parallax - | 5 | "90 2 6, 
Refr: cor. for Bar. and T her. nds. 4.4 LE 
True zen. diſt. © cen. 955 8 5 557. 
True meridian altitude t „ 00» Seto £ 


mme n . rm th. 


As this altitude is leſs than that on March 24, the inſtant of time 
when the ſun had the ſame declination as on the 24th muſt be before the 18th; 
therefore as the ſun on the 18th had gotten beyond that point where it's declination 
was the ſame as at P, we muſt, from the difference of the right aſcenſions of the 
ſun and ſtar obſerved on that day, fubtract the increaſe of the ſun's right aſcen- 
ſion between the 18th and that point of time when the declination was the 


ſame as at P, in order to get the difference of the apparent right aſcenſions at 
E | the 


=: TO DETERMINE THE RIGHT ASCENSION, DECLINATION; 


the time when the ſun's declination was the ſame as at P. We may alſo ob- 
ſerve, that the difference of any two true meridian altitudes is the ſame. as the 
difference of the declinations at the ſame times. Now as the ſun's altitude was 
not obſerved on the 17th, we will take the change of declination for that day 
from the Nautical Almanac, which is 230. 20⁰5 alſo the increaſe: of the ſun's 
AR. for that day was 3“. 36” in time, or 54 in ſpace. The difference of 
£8 the true meridian altitudes; or the difference of declinations on March 24, and 
Sep. 18, was 9“. 39”,5; hence 29". 20” : &f. 39'35 :: 54 22, 21½% 4. the in- 
creaſe of the ſun's right aſcenſion from the time before the 18th at which the 
declination was the ſame as on March 24, to the 18th. On Sep. 18, 1 
Pollux paſſed the meridian at 74. 300. 3959, and on the 19th.at 74. 30, 40”. 0 
On the 18th the. ſun paſſed at 114. 44. 53, 33; therefore the apparent difference 1 
of the AR's of the ſun and Pollux on that day, allowing for the error of the 1 
clock (122), was 44. 14.13”, 5 = 63. 33“ 22", 5, from which ſubtract 97 
22. 21% 4 and we have 63. 11. 1% 1 g qv. Now to get the correction in "=w= 
Table VIII. we muſt have the place of the moon's aſcending node, which, from = 
the Lunar Tables, is found to be gf. 17% 45. 28” on March 24, and 95 8%. 1 95 54 9 
on Sep. 18. Hence, 11 


March 24 Corre&tion from 
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bras of Equin, from March 24, I 3 

to Sep. 18, Table XVII. 1 9 
Variation of the equat. of equinoxes, T able XVIII. +0,7. 
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Hence mw = 23" 18 12% "6 = —10",8; therefore rm r mw 0 — 

| l 10“, 497% 33 to this add 230 4, and we have nc. 1112 775 
OR. which being added to L = 108. 45. 36",9 we have LQ= 1715. 56“, 496, 

* ſubtracted from 1805 half the ee is 4 1350 272 2 = AL the ſun's 

right 
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LATITUDE AND. UGUETTTDE OF 'THE”"HE AVENLY BODIES; 


right aſcenſion. on March 24, to which add LM 108%. 45. 36“ 9 and we get 
11 2. 4. 12% 1 the apparent right aſcenſion of Pollux at the ſame time; and 
if from this we ſubtract 387 ) the equation at that time, we get 1125. 40. 33% 
for it's mean right aſcenſion. This concluſion differs e from that 
determined by Dr. n mn in Lag 6 Vile: met the mean of even 
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e the naked made WA of by Dr. ee in n ſenting th>right 


greater number of obſervations, both of the ſun aad ftars, in the ſame time, and 


conſequently enabled him to fix the right aſcenſion of the; ſtars with greater 


accuracy in a ſhorter time. He took a Aguilæ for his fundamental ftar, and 
aſſumed it's right aſcenſion as ſettled by Dr. Ba ADI Ex, reducing it to the time 


of his obſervations' by the mean preceſſion, and afterwards making the following 


correction. By comparing a great many obſerved tranſits of ſuch ſtars as he 


thought proper to ſelect, with that of « Aquilz, i in various parts of the year, and 


applying the proper equations, he obtained their mean right aſcenſions relative 
to that of « Aquilæ aſſumed, or affected with the ſame error; and comparing the 
tranſits of the ſun near the equinoxes with thoſe of the above mentioned ſtars 
obſerved on the ſame day, he obtained the ſun's right aſcenſion relative to that 
of « Aquilæ aſſumed. From the obſerved zenith diſtances, of the ſun on the 
fame days, corrected for refraction, parallax and the error of the line of collima- 
tion, with the apparent obliquity of the ecliptic at the time, he deduced the 


| ſun's right aſcenſions: and then by comparing tlie ſun's right aſcenſions de- 


duced from the obſerved tranſits with thoſe deduced from his obſerved zenith 
diſtances at equal or nearly equal declinations of the ſame kind near both equi- 
noxes, he deduced the error of the aſſumed right aſcenſion of « Aquilæ, which 
came out 3”, 8 additive. He obſerved further, that in the interval of 12 years, 


which paſſed between the ſettling of Dr. BR apLeY's Catalogue about 1755 


and his own about 1767, the preceſſion in right aſcenſion was diminiſhed by 
2”, 16 by the action of the planets. Therefore if this had been allowed in af. 
ſuming the right aſcenſion of « Aquilæ from Dr. BRAPDTEX's determination, 


the correction of the right aſcenſion of « Aquilz would have come out 5˙, 96 ad- 


ditive, or at the rate of ,a year, which agrees very well with the annual pro- 
per motion of « Aquilz deduced from other obſervations. 
122. The practical method of finding the right aſcenſion of a body from that 


of a fixed ſtar, by a clock adjuſted to ſidereal time, is thus. Let the clock be- 


gin its motion from oF. o'. o” at the inſtant the firſt point of Aries is on the meri- 
dian; then, when any ſtar comes to the meridian, the clock would ſhow the 
E 2 apparent 


aſcenſions of the ſtars, though founded upon the ſame principle as this of Mr. 
FLAMSTEAD, is different in its proceſs, and procured him the advantage of a 


35 


of the ſtar 2“ more than it ought 


nt in een 


to find the moon's right aſcenſion. 


_ other purpoſe, 


36 TO DETERMINE THE RIGHT ASCENSION, 'DECLINATION, 


apparent right aſcenſion of the ſtar, the right aſcenſion being eſtimated in time 
at the rate of 15* an hour, provided the clock was fubje& to no error, becauſe 
it would then ſhow at any time how far the firſt point of Aries was from the 
meridian.” But as the clock is neceffarily liable to err, we muſt be able at any 

time to aſcertain what it's error is, that is, what is the difference between the 

right aſcenſion ſhown by the clock and the right aſcenſion of that point of the 

equator which is at that time on the meridian. To do this, we muſt, when a 

ftar, whoſe apparent right aſcenſion is known, paſſes the meridian, compare it's 
apparent right aſcenſion with the right aſcenfion ſhown by the clock, and the dif- 
ference will ſhow the error of the clock. For inſtance, let the apparent right aſcen- 

fion of Aldebaran be 4h. 23. 50” at the time when it's tranſit over the meridian is 

_ obſerved by the clock; and ſuppoſe the time ſhown by the clock to be 44. 23% 
52, then there is an error of 2“ in the clock, it giving the right aſcenſion 

If the clock be compared with ſeveral 
ftars* and the mean error taken, we ſhall have, more accurately, the error at the 
mean time of all the obſervations. Theſe obſervations being repeated every 
day, we ſhall get the rate of the clock's going, that is, how faſt it gains or loſes. 
The error of the clock, and the rate of its going, being thus aſcertained, if 
— time of the tranſit of any body be obſerved, and the error of the clock at the 
time be applied, we ſhall have the right aſcenſion of the body. This is the 
method by which the right aſcenſion of che fun, moon and ee are 6 


; On April 27, £774, the following ite made at Green- 
Ws « Serpentis paſſed the meridian at 15h. 31. 28",76, the moon's ſecond 
; limb paſſed at 15h. 59. 7,75, and Antares at 164. 13. ag", as MP 


. The ſtars uſed for this purpoſe at the Obſervatory at Greenwich are thoſe in Tab. VI. whoſe 
AR's Dr. MasxELYNs ſettled to a very great degree of accuracy. As many of theſe as conve- 
veniently can, are obſerved every day, in order to aſcertain the going of the clock, and for no 
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LATITUDE AND. LONGITUDE 'OF THE HEAVENLY BODFES. 
- Firſt, to fud the error of the clock by the tranſit of the ſtars. 
Mean AR. of « ſerpentis at begin. of 7 by Tab. VI. 155 335 5s" wY 


JI (3 7K: 


Preceſſion in 16 years by Tab. Yor, e e ebe aid... — 46, 94 


1901 68680. 4 N ere 
Mean AR. at begin. An s ng Gir; 3155 pelle 
Cor. for aber. and prec. to ori 27, by Tab. VII. bg indes o 
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| Mean AR, at begin. of 1774 T6: 15-34 79 
Cor. for aber. A oe. ee Tab: wit. Ph K: 2, 38 
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App. AR. by the tables . e 76. 15. 37, 08 
App. AR. by the clofRhl/7q!!k - - 16. 13. 55, 02 
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e of theſe two errors gives 2 1 42 045 for the e error ewe middle be- 
tween. the times of the tranſits of the two ſtars, or at 154. 52. 41,89. Now 
from knowing the error of the clock at this time, and the rate of it's going, we 
we muſt find the error at the time the moon paſſed, which may, in this caſe, 
be conſidered che ſame, the times being nearly equal. Hence 


Moos paſſed the meridian by the clock — 13%. 59. -7",75 


— 


Error of the clock, too ſlow 1 + 1. 42, 045 


1 


af A at. ; 


True AR. of the moon's 2d. limb 2 gs FE: 16 95 795 


— — 3 


CCC = us 6 8, 0. 12 26 
Moon's ſemid. in AR. (109) 2 . . —.— 


True AR. of che moon's center . wY 729 5513 * * 
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The extar of tie clock is generally determined by a greater 8 of ſtars, 
when they can be obſerved; and the mean error from day to day gives the rate 
of it's going, from which we may find the error at any other time. For in- 


ſtance, 
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TO DETERMINE THE [RIGHT ASCENSION, (DEC LINATION; 


1 Auguſt 8, 1769, I found, from taking the mean of the errors 
of tour ſtars, that the mean error of the clock was 2” 32, too faſt, at 167. 
21, 187%, being the mean of all the times when the ſtars were obferved ; and on 
the 9th the error was 27,09, too faſt, at 134. 52 58”, the mean of all the times. 
Alſo Jupiter paſſed the meridian on the gth at 144. 49'. 10%, No the inter- 
val between the 8d. 164. 21“. 18“ and gd. 13. 62“. 680 iö 24h, 31. 407, in 
which time the clock loſt o, 23; alſo the interval between 1 36+ 52 580 and 
144. 49. 10",4 is 56, 12,4; hence 21h. 31'. 40“: 56, 124 :: 0,23: 0,009, 
which is what the clock loſt in the ſecond interval; | therefore. when Jupiter 
paſſed the meridian, the clock was 2”,09 — O, oog = 2,08 too faſt, which ſub- 
traced from 144. 49. 10“, 4 gives 144. 49“. 8%, 3a, the apparent right aſcenſion of 
Jupiter: To the apparent AR. apply the aberration in A. R. and you get the true AR. 
1323. The right aſcenſion. of the heavenly bodies being thus aſcertained, the 
next thing to be explained is, the method of finding their declinations. Take 
the apparent altitude of the 2 as when it paſſes the meridian, by an aſtro- 
nomical quadrant, as exp in my Treatiſe on Praclicul Aftronomy; correct 
it for parallax and * nd for the error of the line of Collagen of the 
nt, It neceſſary, and you get the true meridian altitude, the difference 
between which. and the. altitude of the equator (87) (Which is equal to the 
company a the latitude, dun determined) is the declination required. 
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Ex. On April 27, 1774, the zenith diſtante Werthe the le wet lib when 


it paſſed the meridian at Greenwich was 68*. 19'. 37, 3; it's parallax in alti- 
tude was 567 1975 2, allowing for the ſpherbidical figure of the earth; che baro- 


meter ſtood at 29, 58, and'the thermometer at 495 e 


Obſerved zenith diſtance of L. eee 
Refr. cor. for n And ther. Tab. XIII. XIV. 


SELL ICT 232 


# 


#S #41 


| Parallax | $73, 3 Dol il 1 yd o 


= 1 4 0 
— True zenith Ane of L. 74 r 67 25. WE: 
Semidiameter — . THY get £17) 
\ * 5 
True zenith diſtance of the center — 67 9. 6, Tt ef 
Latitude tie . 8. 40 
Declination ſouth - ._ . 193460 2700Rg 9 ho. 26; 1 


The horizontal parallax and ſemidiameter may be taken from the Nautical 
Almanac; and the parallax in altitude may be found, as will be explained when 
we come to treat of the Parallax, and then the aronythen is go > be * to it, 
wat. to the ſemidiameter, from Tables XV. and XVI. ont „io 6: 

<4 24. To 


LATITUDE Au. LONGITVDE OFTHE: HEAVENLY, BODIES. 


124. Lo find] the latitude and. longitude, from the right aſcenſion and 
declination, or the converſe, we have the Mone admirable Rules, even * | 


. 
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Given "the " wh FORT" and Detlination of an > Bailey ERP and the 2 
of the Ecliptic, to find it's Latitude and Lari. | 

1. The * ſine of AR. as cotang. deck. —10, = = cotang; of arc © which cal 
nortſi or ſouth, according as the declination is north or Jour. 2. Call the obli- 
quity of the ecliptic /outh in the 6 firſt ſigns of AR, and worth in the 6 laſt: 
Let the ſum of are A and obl. eclip. according to their titles, arc B with it's 
proper title T. 3. The arith. comp. of cos. arc A ＋ cos. arc B ＋ tan. AR. — 
10, = tan. of the longitnde, of the ſame kind as AR, unleſs arc B be more than 
90, in/which caſe, the quantity found of the ſame kind as AR. muſt be ſub- 
tracted from 12 ſigns or 360. 4. The ſine of longitude tan. arc B— 10, 
= tan. of the required ee oh He come title as Are. B. N. B. If the lon- 
gitude come out near o, or near 1807, tot the ne: of long, in the laſt opera- 
tion, ſubſtitute tan. long. + cos. lng: — 10, I; or the laſt operation will be, 
tan. CH cos. long. +:tan. arc B— . Stan. lat. n e 1s _ 
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Given * "Latitude 2:3 E of « an 1 Boch, and the oli of the 
1 to find its ou Aſcenſion and Declination. | 


1. Sine long. + cot. lat. —10, = - cot. arc A, which call north or fouth, ac- 


cording as the lat, is north or ſouth. 2. Call the obliquity of the ecliptic north 
in the firſt ſemicircle of longitude, and /outh in the ſecond. _ Let the ſum of 
arc A and obl. eclip. according to their titles, = arc B with it's proper title. 
3. The arith. comp. of cos. arc A ＋ cos. arc B + tan. long. - 10, = tan. of 
right aſcenſion, of the ſame kind as the longitude, unleſs arc B be more than 
g0?, in which caſe, the laſt quantity found of the ſame kind as the longitude, 
muſt be ſubtracted from 12 ſigns or 360% 4. The ſine of AR. + tan. arc B 
— 10, = tan. of the required dec/ination, of the ſame title as arc B. N. B. If 
AR. come out near o,, Or Near 1 80*, for the ſine AR. in the tuft operation, wh 


* By fine, tang. G4. is meant log. fine, log: tang. Ec. 

+ If one be north and the other /outh, the proper title is that belonging to the greater of the 
two, and in this caſe, arc B is their difference, one being conſidered as negative to.the other. 

f For the reaſon of this correction in n an. ſee Dr. MASEELE SE s excellent Introduc- 
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ro DETERMINE THE RIGHT ASCENSION, "DECLINATION, 
ſtitute, tan. AR. + cos. AR. 105; or the laſt operation will be, tan. AR. + 
DEMONSTRATION. Lets be the body, C the ecliptic; + 2 the equator, 


or, an perpendicular to ꝙ C, v. Then rad. : fin. Y:: cot. : cot. 5p n, 


hence log, fin, Y A log. cot. an —10, = log. cot. 5 arc A Henes 5pX 
7 Cf are B. Alſo. LEN te Twit AY 4 

cos. : rad. :: tan. 2 : tan. TY | | 
rad. E 008. Ser 5 tame vr © 2 72 3034 AN in 


FOE 1 SH Py oF 


<7 C08, 7 DYE cos. . 5 r tan. 1: tan. eee es = „hence ar. 
co. log. cos. S u log. cos. 5p flog. tan. a — 10,=log; tan. 7 this ongirnde, 
And rad. : ſin. :: tan. ro s : tan. sr; hence log. fin. r ;+ log. tan. ro 5 
—To, '= log. tan;"sr the latitude. And in whatever poſition we take 5s, theſe 
concluſions will give the rule as ſtated above. If we conſider v C as the equa- 
tor and & the ecliptic; the demonſtration will do forthe: fecond:rule. 

Ex. Given the true A. R. of the moon's center 76. 2. 55.1 37,4. and it's 


ky 
” 


declination 25 40'."z6", 1 ſouth, a8 determined in the. oo aſt gn 


find it's latitude and longitude.*, 1, i 

By Dr. MAsKELYNE's — the mean epa W at the 
begining of the year 1784, was 23*. 287. © 
is at the rate of 2 a ſecond in a year, the mean obliquity at the beginning of 
1774 was 23. 28“. 5,2, which corrected by Tab. XI. XII. gives 237 AT 555 8 
for the obliquity at the time of obſervation. ane bn St 


Bine of right aſe. „. 29˙, 5. 1% * e 
Cotan. of decl. „ . 26, 1 5 10. -5519183 
b D ne 17.57 57,8. ; 10, 4891000 
Obliq. ecl. * de 1:27 s 58151131. | 
Are B nr n oy . 58, © cos. 2429990564 * 
Arith. comp. fig; coe arc A rennen 
Tang. of right aſ. e Rot — nll 39 
Tang. of Jougitude - 8. 1 2, 4 - 10.2568810 | 
eee CCC 
Tang. of arc B Af o OH 1 166 1: 20 eOBage38,;.. 
Tang. of latitude a us 4. 48. Po = 


8. 9225500 


— — — CI 5 


» In making trigonometrical clean; ee wid; oknl ths Sant ian er | 
| to take out all their logarithms at once, to avoid the trouble of turning 


to them 
again. The Computer therefore, before he begins his operation, thould put it down in it's proper 
order, leaving it to be filled up by the logarithms; he will then ſee what arcs are repeated, and he 
may, at one opening of the tables, take out all — logarithms and put them down in their pro- 
per places. | 
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LATITUDE AND LONGITUDE OF THE HEAVENLY BODIES. 41 


In like manner the right aſcenſions and declinations of the fixed ſtars being 
found from obſervation, their latitudes and longitudes may be computed, and 
thus a catalogue of all the fixed ſtars may be made for any time. But as both 
the equator and ecliptic are ſubject to a change in their poſitions, the right aſ- 
cenſion, declination, latitude and longitude of all the fixed ſtars will vary. 
Hence if their annual variations be computed, as will be afterwards * 
their right aſcenſions, &c. may be found at any other time. 

125, If the body be the ſun at J, whoſe right aſcenſion and declination are 
given, to find its longitude; then ſin. Cn: rad. :: fin; In: ſin: Y, that is, 
fin. obl. ecl.: rad. :: fin. decl.: fin. longitude. Or, cos. J: rad. :: tan. Y: 
tan, ꝙ V, that is, cos. obl. ecl.: rad. :: tau. right a : tan. 8 Fete, 
_ OY in the IO 515 no nen, 7 font 263 d 2640 


21. 
UG cl 4 


25 ud he angle of Potion, 


126. Letp be 8 pole op the elliptic 1 L. P the _- o& the equator . 

S a ſtar, draw the great circles PLC, PSD, SBA, and (53) PSp 1s the” 22. 
angle of poſition. Now the angle Pp, or (12) DL, is the complement of lon- 
gitude Y D; the angle PS is the ſupplement of APC, or of AC (12), which is 
the complement of the right aſcenſion 4 of the ſtar; pP is the obliquity of 
the ecliptic; PS is the complement of declination, and pS the complement of the 
latitude of the ſtar. . Hence if the longitude and declination of a ſtar be given, 
we have, ſin. PS : ſin. Pp“: : fin, Pp: ſin. PSp, that i is, cos. flar”s dec. : cos. it's long. 
n. obl. ecl.: : fin. angle of Poſition. If the latitude and declination of the ſtar be 
given, we know P ar and PS their complements, and Pp; hence fin. pS X fin. PS 
rad. :: fin. x SP + Sp +Pp x fin. * x $P + Sp — Pp: cos. F Z PNY 
Or of the right aſcenſion, declination, latitude and longitude of the ſtar, any 
two being known, we ſhall know three parts of the triangle PpS, and conſe- 
quently the angle PSp may be found. If $ be the ſun, 9. = 90", and the tri- 
wow. may be ſolved by the caxcular uw. | | : 
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paribg it with any fixed ſtar, and obſerving whether the interval continues to 


C H A Pp. IV. 
ON THE EQUATION OF TIME. 


Art. 127- pong GY in the ft Chapter, the practical methods: 
6. 86 7: 9008 of determining the place of any body in the Heavens, we 


come next to the cenſideration of another circuenſtance not leſs important, 


that is, the irregularity of time as mieafured by the fan. The beſt mea- 
ſure of time which we have is a clock regulated by the vibration of a pen- 


dulum. But however accurately a clock may be made, it muſt be ſubje& to: 


go irregularly, partly from the imperfection of the workmanſhip, and partly 
from the expanſion and contraction of the materials by heat and cold, by 
erg the length of the pendulum, and conſequently the time of vibration, will: 

As no clock therefore can be deperided upon for keeping time accu- 
1 0 it is neceſſary that we ſhould be able to aſcertain at any time, how much 
it is too faſt or too flow, and at what rate it gains or loſes. For this purpoſe it 
muſt be compared with ſome motion which is uniform, or of which, if it be 
not uniform, you can aſcertain the variation. The motions of the heavenly: 
bodies have therefore been conſidered as moſt proper for this purpoſe. 
Now the earth revolving uniformly about it's axis, the apparent diurnal motion 
of the fixed ſtars bout the axis mul be uniform. If a clock therefore be ad- 
juſted to go 24 hours from the paſſage of any fixed ſtar over the meridian till it 
returns to it again, it's rate of going may be at any time determined by com- 


be d bout; if not, the difference ſhows! How much it gains or loſes in that 


A thotk adjuſted to go 24 hours in this interval is ſaid to be adjuſted: | 


eee But if we compare a clock with the ſun, and adjaft it to go 24. 
hours from the time the ſun leaves the meridian on any day, till it returns to it- 
the next day, which is a true ſolar day, the clock will not, even if it go uni- 


| forgly, continue to agree with the ſun, that i is, it will not ſhow 12 when the 


ſun comes to the meirdian. 

128. For let P be the pole of the earth, V2 it's equator, and let the earth: 
revolve about it's axis in the order of the letters vwyz; ꝓ DLE the celeſtial: 
equator, and « CL the ecliptic, in which the ſun moves according to that di- 
reftion. Let a, n, be the ſun when on the meridian of any place on two ſuc- 


celive days, and draw Pyae, Prmh, ſecondaries to the equator, and let the 
ſpec- 


x. My Of TOUT or NINE. 43 


ſpectator be at g on . meridian Py, with the fun at @ on his meridian., Ihen 
when the earth has made one revolution about i It's axis, Piv i is came again into 
the ſame poſition; but the ſun having moved forward to n, the earth has lit 
to deſcribe the angle r in order to bring the meridian Psv into the poſition | 
Pr, ſo that the ſun may be again in the ſpeRator's meridian. Now the angle F 
vr is. meaſured by the arc el, which is the increaſe of t the ſun's right al- 
cenſion in a true ſolar day; hence the length, of a zrue ſolar day is equal to the 
lime of the, carts rotation, about it's axis + the lime of it's deſcribing an angle equal 
to the increaſe of the. ſun's. right | aſcenſion in g true ſolar. day. Now the ſun 
moved. uniformly i in.the equator DLE, this increaſe eh would. be always the 
ſame in the ſame time, and therefore the ſolar days would be always equal ; 
but the ſun moves in the ecliptic; Y C L. and therefore if it's motion were uni- 
form, equal arcs am upon the ecliptic would not give equal arcs e upon, the 
equatar;* But the motion of the Jon is not uniform, and therefore am, deſcrib- 
ed in,any, given time, is ſubject, $0.2, variation, and which, alſo muſt neceſſarily 
make 64 variable. Hence the.increaſe eh the. ſun's right aſcenſion i in a day 
varies from two cauſes, that is, from the obliquity, of the ecliptic to the equa- 
tor, and from the unequal motion, of the ſun in the ecliptic. Hence the length 
of a true ſolar day is ſubject to a continual variation; conſequently a a clock 
adjuſted to go 24 hours for any one true ſolar day, would not continue to ſhaw 
12 when the ſun. c comes. to the meridian, becauſe, the intervals by the clock 
would continue equal (the clock being ſuppoſed neither to Sain or r loſe )s bur 
the interyals of the fun's paſſage over the meridian would var. 

129. As the ſun moves through 360® of right. aſcenſion in 36 51 days 
very nearly, therefore 3655 days : x day :: 360". : 39, 852 the increaſe of right 
aſcenſion in one day, if the increaſe were un 2 , OT it. would be the increaſe 

in a mean ſolar day, chat i is, if the ſolar days were all equal. If therefore a 
clock he adjuſted to go 24 hours in a mean ſolar day, i it cannot continue t to coin- 
cide with the fun, that is, to ſhow 12 when the ſun is on the meridian; but the 
ſun will paſs the meridian, ſometimes before 12 and ſometimes after. . 0 
ne is called Ls e of Time. A clock me md is faid to be 5 | 


6 +43 


8 draw ut parallel to eh, and are an i be hace ber, thn by pi a 
24 mt: ; rad, : fin. mat, or Vac, * 2 
mt Nein : cos. 46 : rad. (13) D g mos 1 


Ne cos. ae x rad.) 
n th 3: s ac: fi Vac: : i(becauſe ſin, Var z. a = 1228 
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ON THE EQUATION OP TIME, 


juſted to mean folar time.* The time ſhown by the clock 3 is called true or mean 
time, and that ſhown by the fun is CIRC apparenc time. What we cal * 
time the French call rrue. ” 

130. A clock adjuſted to go 24 "re in a mean ler 15 would Sincidr 
with an ier ſtar moving uniformly in the equator with the ſun's mean 
motion 59“. 8",2 in right aſcenſion, if the ſtar were to ſet off from any given 
meridian when the clock is 12 ; that is, the clock would always ſhow 12 when 
the ſtar came to the meridian, becauſe the interval of the paſſages of this ſtar 
over the meridian would be a mean folar day. This ſtar therefore, if we reckon it's 
motion from the meridian in time at the rate of r hour for 1 5, would always coin F 
cide with the clock; that is, when the clock ſhows 1 hour, the ſtar's motion would | IF 
be 1 hour; when the clock ſhows 2 hours, the ſtar's motion would be 2 hours; 1 
and ſo on. Hence this ſtar may be ſubſtituted inſtead of the clock; therefore + 
when the ſun paſſes the given meridian, the difference between it's right aſcen- 1 
ſion and that of the ſtar, converted into time, is the difference between the time + 
when the ſun is on the meridian and r2 o'clock, or the equation of time; be- 


cauſe. the given meridian paſſes through the ſtar at 12 o'clock, and it's motion } "INE 
in reſpect to that ſtar ĩs at the rate of 15% in an hour (132). | 4 7 
131. Now to compute this equation of time, let APLS be the ecliptic, IL bE 
the equator, A the firſt point of aries, P the the ſun's apogee, S any place of 1 3 
the ſun, draw Sv perpendicular to the equator, and take An = AP. When = 
he ſun ſets out at P, let the imaginary ſtar fer out at a with the ſun's mean” —_ 
motion in right aſcenſion, or longitude, or at the rate of 59". 8% in a day, = 
and when # paſſes the meridian let the clock be adjuſted to 12, as deferibed: 1 


in the laſt Article: Theſe are the correſponding poſitions of the clock and = 


ſun as aſſumed by Aſtronomers. , Take um = Ps, and when the flar comes. 
to m, the place of the ſun, if it moved uniformly with it's mean motion, would 
be at 5, but at that time let $ be the place of the fun. Now let the ſun 
, By conſequently. « v, be on the meridian; and then' as m is the place of 
NY imaginary flar at that inſtant, mv is the equation of time, The ſunis 
mean place is at 5s, and as Au AP, and nm Pt, Am APs, conſe- - 
quently mv = Av Am = Av — APs, Let à be the mean equinox, . and: 
draw 42 perpendieular to AL; then Am-—Az + zm = 4a X cos. aAz + 2m: 
= Aa + 2m; hence mv = Av — 2m — 3+ Aa; but Au is the ſun's s true right 
een den, zm 18 che mean right aſcenſion, or mean longitude, and 44 4a (Az) 
the equation of the equinoxes i in right aſcenſion; Hence the equation of time 


As the earth deſcribes an angle of 3600. 50. -8”,2 about it's axis in nn üer | 
; Hounds and an angle of 360% in a fiderzal day, therefore 360%. 59'. 8”,2 : 360% :: 24h. : 23h. 56 
4, ogg the length of a fidereal day in mean ſolar time, or the time from A 
over de meridian til i returns t0 it again 
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mean longitude corrected as above, 


on PHB "EQUATION "OP TIME, 7 


is "__ to rhe—iference- of the fe, true right aſcenſion, aud it's mean longitude | 
correfied by the equation of Me equinoxes in right aſcenſion. When Am is leſs than 
Av, nean time precedes apparent, and when ęreater, apparent time precedes 
mean; for as the earth turns about it's axis in the direction Av, or in the order 


of right aſcenſion; that body whoſe- right aſcenſion is leaſt muſt come to the 


meridian firſt. That is, when the ſun's true right aſcenſion is greater than it's 


we muſt add the equation of time to appa- 


rent, to get the mean time; and when it is leſs, we muſt /ubtra&. To convert 
mean time into apparent, we muſt ſubtra# in the former caſe and add in the 


latter. 
r. MASKELYNE in the Phil. Tran. 1764. 4 
132. As a meridian of the earth, when it loves m, returns to it again in 24 


hours, i it may be conſidered, when it leaves that point, as approaching a point at 


that time 360 from it, and at which it arrives in 24 hours. Hence, the relative 


velocity with which a. meridian accedes to or recedes. from is at the rate of 


15 in an hour. T herefore when the meridian paſſes through v, the arc vn 


reduced into time at the rate of 15 in an hour, gives the equation of timè at that 


inſtant. Hence the equation of time is computed for the inſtant of apparent 


noon. Now the time of apparent noon in mean ſolar time, for which we 
compute, can only be known by knowing the equation of time. To compute 
therefore the equation on any day, you muſt aſſume the equation the ſame as 
on that day four years before, from which it will differ but very little, and it 


will give the time of apparent noon, fufficiently accurate for the purpoſe of 


computing the equation. If you do not know the. equation four years before, 
compute the equation for noon mean time, and that will give apparent noon 


| e enough. 


Ex. To find: the oqugtion of time on July I, 1792, for the meridian of 
Greenwich, by Mayzr's Tables. 


The equation on July 1, 1788, was, by the Nautical Almanac, ' 28, to 
be added to apparent noon, to give the correſponding mean time; hence, for 
July 1, 1792, at Oh. 3; 28” compute t the true longitude &. 2 


* The reaſon of this operation will appear, when we come to the conſtruction and uſe of the 


This Rule for computing the * of time was 1 given by 
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46 on "THE EQUATION OP Ou 
7 - — — — —— — 
Ä Mean. Long. © Long, ©'s Apog N- I. N.. 2. N. 3. N.. 4. 
Epoch for 1792. o'. 10. 500. 0½%% 3. 9. 23“ 46“ | 241 227 123 478 
Mean Mot. July 1,6. 29. 23. 16, 2 33 16345631227 
. | | 4 Ae 754 / | p 
| 28% Dee 3 (| 
Mean Longitude 3. 10. 13. 25, 43. 9. 24. 19 404 683 435 505 
Equat. of Center | — l. 37, 103. 10. 13. 25, 4|— — 
| 1 , wy | 
| Equat 7 + 855 4 vo: 3 49. 6,4 Mean Anomaly. 
o III. + 3,65 ere TO "7 25 
© IV. 4 Nn wag ia O, — BY 7 
| True Longitude 9910. 11. . 
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With chis true longitude and obliquity: 23˙. 27. 4's of the ecliptic, the | 
true. right aſcenſion. of the ſun is found to be g*. 11*. 5". 41 52 53 alſo the 


* 


equation of the gare in longitude = = O 6; hence 


The mean ego” N 20 yi N 


n 


8 of =& EE rd Ons — o, 55 
Mean eee . 13. 24,85 
True right aſcenſion 3. 11. 6. 41,25 
Equation » 's 1” . & — . N | 52. nh — 


—— 


which 


converted into time gives 3. 29% 1 for the true equation of time; which muſt 
be added to apparent to give the true time, becauſe the true right aſcenſion 1 15 


greater chan the mean longitude. 


133. The ſun's apogee P has a e motion, and the ioc points 
A, L, have a regreſſive motion; the inclination alſo of the equator to the ecliptic 
is ſubject to a conſtant variation. Hence, the ſame Table of the equation of time 


cannot continue to ſerve for the ſame degree of the ſun's longitude, 


Alfo the 


ſun's longitude at noon at the ſame place is different for the ſame days on dif- 
ferent years, and it is for apparent noon that the equation is computed. For 
theſe reaſons, the equation of time muſt be computed a-new for every year. 
134. Whenever it is required to make any calculations from aſtronomical Ta- 
bles, and the time given is appatent time, the equation of time muſt be applied 
to convert it into mean time, and for that time the computations muſt be made, 


F 


the Tables being diſpoſed according to mean motions, Thus, if it were re- 
ung 


ON THE EQUATION OF TIME. 


quired to find the ſun's place on any day at apparent noon, the equation of 
time that day at apparent noon muſt be applied to 12 o'clock, and then the 
fun's place computed from the tables for that time. All the articles in the 
Nautical Almanac anſwering to noon are computed in the ſame männer. 


135. A clock adjuſted to ſidereal time begins at oh. O. o when the true 
equinox 4 is upon the meridian; therefore the diſtance of the meridian. 


from A meaſures ſidereal time. A clock adjuſted to mean folar time begins at 
ol. O. o“ when m is upon the meridian. tx be a point of the equator 
through which the meridian paſſes at any time, then Ax is the fidereal time; 
and let be the place of the imaginary ſtar at the ſame inſtant, and y it's place 
when the meridian coincided with it; then (132) the are t is the meaſure of 
the time from the mean noon. Hence to get xt, ſubtract the ſun's mean right 
aſcenſion Ay in time at noon on the given day from the time Ax ſhown by the 
fidereal clock, and you get xy, which is nearly the time x# from mean noon ; 
from this ſubtra& 2, the ſun's mean motion in right aſcenſion in the interval 
xy of ſidereal time, and you have x the time from mean noon by a clock ad- 
juſted to mean ſolar time. To facilitate this computation, Dr. MasxTIxR 
has given two Tables; Table XIX. ſhows the mean motion of the fun in right 
aſcenſion - for every day of the year;. Table XX. is the mean-motion of the ſun- 
in riglit aſcenſion in time to hours and minutes of ſidereal time. Hence, from 
the Solar Tables, take 8 of the fun's mean longitude for the year, and 
convert it into time, and add it to the time in Table XIX. correſponding to 
the given day, and correct it by Table XXI, and it gives the fan's mean lon- 
gitude, or mean right aſcenſion, expreſſed in ſidereal time, reckoned from the 
true equinox, at the mean noon of the pfopoſed day: This ſubtracted from the 
propoſed: fidereal time, gives the mean time nearly, with which Table XX. is 
to be entered, and the number taken out of it, being the ſun's mean motion 
ſince the mean noon, ſubtracted from the mean time found nearly, will give the 
mean time correct. It is to be obſerved, that the mean time found nearly, or 
Before it is corrected by Table XX, is a portion of ſidereal time, being the in- 
terval by the clock between the tranſit of the imaginary ſtar, and the propoſed 
inſtant; and therefore to ſhorten the operation, Table XX. is made to be 
entered with fidereal time, inſtead of mean time, commonly uſed in Aſtrono- 
mical Tables. Dr. MasxELYN=-alſo gave another Table of the epoch of the 
ſan's mean right aſcenſion in time for the beginning of the year; but as that 
can be taken from our Fables of the ſun's motion, the nnn * 


mean ene. . it is not here og 


Ex. On July 1, 1790, the ane by he ae clock was 11h. 200% 14, to 
eee ee E 
Epoch 


ON THE barten OF TIME, 


as Epoch of ſun's AR: who 102.00 27 88/417 159 
Mean mot. in AR. to July 5, Tab, XIX. 1a 13. 19, 3 

Equat. equin. Tab. XXI. ae 
N ©. 's mean long. at mean noon _ = 6 8 ws.” 2 35,86 5 
2 Sidereal time given - d vo 
Mean time nearly - + by . 25. 38, 14 
101-09 , . oc © 3+ S. 


Mean ſolar time we! — 4 24 54 64 


Bats = Hence if the mean ſolar time bo given, for ie ak 24. 54,64, we % 
may thus find the ſidereal time. To get the correction from Table XX, cor- = 
reſponding to mean time nearly, firſt get it for mean ſolar time, which is 8 
42",39, and add it to the mean ſolar time, and we have 4k: 25. 37,03, which 8 
is very near what we call, mean| time nearly; correſponding therefore to this 
time, take out the correction from Table XX, which is 43',5, and add it tothe 
given mean ſolar time, and we get 44. 25. 38,14 correctly for what we call 
mean time nearly; add this to 64. 54. 3586, the ſun's mean be at 
noon, and it gives 114. 200. 14 the — time require. "IV 
1 


3 


136. Whenever the time 1s pt "NO the ſun's akinade, that time muſt be 
apparent time, becauſe we compute it from the time when the ſun comes to the 1 
meridian, which is noon, or 12 o'clock, apparent time. Hence alſo the time 1 1 
ſhown by a dial is apparent time, and will differ from the time ſhown by a well IF 
regulated watch or clock, by the equation of time. A clock or watch may 7 4 
therefore be regulated by a good dial, by applying the equation, as before 18 

directed, to the apparent time ſhown by the dial, and it will give the mean time, 
or that which the clock or watch ought to ſhow. _ 
137. Mr. WoLtAsTON has propoſed to regulate a watch or clock by a dial con- 

a ſtructed to ſhow mean noon, or 12 o'clock by a watch or clock. A ray of light 
through a ſmall hole being let into a dark chamber upon the floor, draw a me- 
ridian upon the floor correſponding to the hole, on which therefore the ſun's 
rays will always fall when the ſun comes to the meridian. | On each fide of this 
line, for every day of the year, make a point where the image of the ſun 
is at 12 o'clock mean time, by a clock or watch regulated for that purpoſe; 
through all theſe points draw a curve, and then you may regulate your clock or 
watch by ſetting it to 12 when the image of the fun falls on that curve. To 

prevent any miſtake, put the months againſt the different parts of the curve o 
which the ray falls in them. Or the ſame may be done on any horizontal 
plane, by erecting a piece of braſs, and making a ſmall hole for the ſun to ſhine 

— through. 
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- through. The curve may alſo be laid down. by calculation, as Mr. Wor L As- 
rox has ſhown; and if it be drawn with great care, it will be ſufficiently 4 
accurate for regulating all c common (Clocks; .: 4 has this advantage over that 
ol correcting them by a common ſun dial, chat às the months are put to the | 
curve, you cannot eafily make a miſtake ; whereas in applying the equation of Ta” 
time to adlial, a perſon ãgnorant of heſe matters is wety aptrto apply it wrong, 1 


1᷑38. The. Equation, af Time as kRnomn tg, and, made uſe of by Prꝶ rr. i 
'Trcxo employed only one part, that which ariſes from the unequal motion of | 2 
the ſun in the ecliptic; hut KzrLzz made uſe of both parts. He further ſuſ- | 4 


AN *. 


n 
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vod, that chere was u, third cauſe.of f 
ih then motion of the | 


4 as now computed, was not gene 1 462. 8 FLAMSTEAD 
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o TRE LENGTH' OF 'THE YEAR; THE ' PRECESB10N Op. Tus napexz: 
ee aon 6 OBSERVATION, And) Tk optievrry or THEN ECLIPTIC." 
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10 Mics 1111 1 2 
bt e the fub's bi aſcenſion" eyery' day wich the 
856 WF . to the eaſt 3 — 45 the ſun is 'fotind'conftantly 


id recede TY Miter ol 92105 welt, and approackt to thoſe on the kalt; and the | 
interval of ki Hou it's leaving 10 fixed ſtar till it returns to it Dab S Cane 
a ſidereal year, being the time in which the ſun completes it's revolution amongſt 
the fixed ſtars, or in the ecliptic. But the ſun, after it leaves either of the 
equinoctial points, returns to it again in a leſs time than it returns to the ſame. 
fixed ſtar, and this interval is called a ſolar or tropical year, becauſe the time 


from it's leaving one equinox till it returns to it, is the ſame as from one tropic 1 
till it eomes to the ſame again. This is the year on which the return of the | * 
ſeaſons _ | | | ; | : | —- 
On the Sidereal 2 ear. 7 
oy 40. To find the SL of e year, 4 On any day take the 6 | 15 | 
between the ſun's right aſcenſion When it paſſes the meridian and that of a "i 
fixed ſtar; and when the ſun returns to the ſame part of the heavens the next "= 


year, compare it's right aſcenſion with the fame ſtar for two days, one when, 
their difference of right aſcenſions is leſs and the other when greater than the 
difference before obſerved; and let D be the increaſe of the ſun's right aſcenſion | SH 
in this interval of one day; then take the difference (d) between the differences. 5 
of the fun's and ſtar's right aſcenfions on the firſt of theſe two days and on the 4 
day when the obſervation was made the year before; and let > be equal to the 
exact time between the tranſits of the ſun over the meridian on the two days ;. 
then D: d :: 7 : the time from the paſſage of the ſun over the meridian on the 
firſt day to the inſtant when it had the. ſame difference of right aſcenſion. com- 
awd with the ſtar which it had the year before; the interval between theſe 
two times gives the length of a ſidereal year. The beſt time for theſe obſerva- . 
tions is about March 25, June 20, September 17, December 20, the ſun's 
motion in "gm aſcenſion * then uniform. Inſtead of obſerving the 
e | * 
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eat zus er HH Ae 01 n a . n r 10. 
difference of the right aſcenſions, you may obſerve that of their "IP If 
inſtead of repeating the ſecond obſervations the year aſter, there be an interval 
of ſeveral years, and you divide the obſerved. interval of time when the diffe- 
rence of their right aſcenſions was found to be equal, hyrthe number of years, 
vou will have A of a; fidereal year more exact. Or the mende may be 


found thus 2 "It 7 49 JD $457 Dan BD ct! 41. 1 21 60 ah rei lon m> mw £41 
141. Take the time (7) of a.ſtar's. tranſit, over een hy by 4 clock ad- 


juſted to mean ſolar time; then the War after, take the time again on two days, 
one (m) when it EN the een before,, and the other (u) after the time t:; 
then m - m 23, 56. 4": the time from in till the difference between 


the ſtar's and ſun che desde ps: be ſame as at the firſt;obſeryation.; and 
the interval of theſe inen is the! den a ſidereal year. Kale 5 Haw 
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Ex. al 1, 146890 4 3. 4% mean 7 8 proieg M. er, 5 Ih 
ſerved. the difference between the ſun s longitude. and that of Procyon to be 
3˙ 85 89.36%, which is the moſt ancient obſervation of this kind whoſe. ac- 
curacy can be depended upon, ſee Hit. Celeſte, par M. le Momier; pag. 37. And 
on April 2, 1745, M. de la CAiLLE found, by taking their difference of lon- 
gitudes on the 2d and 3d, that at 1 14. 10% 45 mean ſolar time, the diffe- 
rence of their longitudes was the ſame as-at the firſt obſervation. Now as the 


ſun's revolution was known to be nearly 365: days. it is manifeſt that it had 


made in this interval 76 complete revolutions in reſpect to the ſame fixed ſtar 
in the ſpace of; 76 years 1d. 11. 6, 58. Now in theſe 36 years there were 


58 of 365 days, and 18 biſſextiles of 366 days; ; that interval therefore contains 


277 59d. 1h, 6. 680, which being divided by 76. the. Aae 15 3654. 6h, 
c. 477 the length of a 6dereal rr 


. . * — * 7 Fey : 
1 103 OE Pts #. KY £75 * »- It 5 — 18 


wa 


Ex. M. 1 1 che tranſit pe: een © over -the. meridian 0 on May 
87 1717, to be at 2/4. 38. 68. on May 21, 1718, it paſſed at 2h, 49, and on 
the 22d at 24. 3603 to find the length of the fidereal hear. . 

In this, caſe = 24, '8Þ', 58", m = 2h. 40, = 2h. 365 hence 4 : 2˙ By 
230.66. 4 27 6h. 100. 590 4 which added to 24. 400 the time it packed o on 3 90 
21, 1718, gives. 8h, 500 69“ for the, time on that day when the difference. be- 


tween the ſun's and ſtar's right aſcenſions was the ame. as on May 21, 1717. 


Hence this; interval is 36 5d. 6k. 10“, 59“ for the length of a ſidereal ear. The 

mean of theſe two gives the length 36 5d. 6. G. 63 But the. length of a ſi- 
dereal year has generally been determined from ** length of a tropical year, 
found e. ſhall, now ee to ex plan. 
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will affeck the time of the return of the fun td the ſame mean longitude; and 


ON THE LENGTH or TRHH EAA, THRYPRECHSSION TAE EQUtNOXES:: 


* 
f : 1 » Þ . © - 
3 * - 1 411 14 ; } $5 F 


% 


90 the Tropical Near. 
[ i 155 : . 


1442. Obſerve the meridian altitude (a) of the ſun · on the day neareſt to the 
equinox ; then the next year take it's meridian altitude on łwo following days, 
one when it's altitude (n) is leſs than a, and the next when: it's altitude (n) is 
greater than a, and n m is the increaſe of the ſun's declination in 24 hours; 
hence m: -=- M:: 24 hours: the interval from the firſt of the two days 
till the ſun has the ſame declination as at the obſervation the year. before, be- 
cauſe at that time the ſun's dechnation inereaſes uniformly} Hence we find the 
time when the fun's' place in the ecliptic had the ſame ſituation in-reſpe to 


the equinoctial points which' it had at the time of. the obſervation the year 
before. Therefore this 4th term being added to the number of days between 


the two firſt obſervations, gives the length of a tropical year. If inſtead of re- 
peatirig the ſecond ;obfervatian the next year, there be an interval of ſeveral : 
years, and you divide the interval between the times when the dechnation was 
found to- be the fame, by the number of years, you, will ger the time mere 
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Ex. M. CAss iht informs us; that en March 205 1672; kis-Pather obſerved - 
the meridian altitude of the ſun's upper limb at the Royal Obſervatory at Paris, 
to be 41%. 437; and on March 20, 1716, he himſelf obſerved the meridian alti- 
tude of che upper limb, to be 47, 2. 16”; and on the 2 1ſt to be 415. 51. 
Hence the difference of the two latter altitades was 23“. 50, and of the 
two former 15. 50% hence 23. go”'t 15. 50“ :: 24 hours : 1 53. 56. 30% 
therefore on March 20, 1776, at 154. 36. 39“ the ſun's declination was the 
ſame as on March 20, 1672. Now the interval between theſe two obſerva- 
tions was 44 years, of which 34 conſiſted. of 365 days each, and 10:.of 366; 
therefore the interval in days was. 16070; hence the whole interval between the 
equal declinations was 16070 days 155. 56“, 39”, which divided by 44, gives 
36 fd. 5h. 49. 0. 53“ the length of a tropieal year from theſe obſervations. 

But when we determine the: length of a tropical or Telar year from the times 
of the equinoxes, it will want a correction to give the length of a mean tropi- 
cal or mean ſolar year; becauſe, from the mation of the fus's apogee, the 
equation of the orbit at the equinox is not the ſame in different. years, which 


therefore will niake the apparent folar year different from the mean ſolar year. 
This correction therefore gives che time that would have clapſed between the 
equinoxes, if the apogee had been fixed; this is called the gan folar year. To 


apply this. correction to the laſt Example, we proceed thus. 


On: 
- . 


RON OBSERVATION; AND” THE OBLIQUITY” 0F THE: — TICS. 
| On March 20, 1672, the place of the ſun's apogee was 3. 7. Te 6 


by Cass1xt, therefore the ſun's true anomaly was 85. 22%. 52'. 54”; from 


which we find that the e of the center, or the difference between the 
true and mean anomaly, was 15. 54. 42“, ſhowing how much the true anomaly 
exceeds the mean; ſubtract this from 05; O. of. o and we get 11s. 28“. F. x8” 
for the mean longitude of the ſun at the time of the Sine. The place of 
ſun's apogee on March 20, 1716, Was 3s. . 52. 23”, and therefore it's true 
anomaly was 88. 22. J. 37, from which the equation of the center was 1*. 54. 

29”, which ſubtracted from os. O. O. of gives 115. 28˙. F. 31” for the mean 


8 longitude of the ſun at cke equinox.in 1716. Hence the ſun's mean place at 


the equinox in the fpring 1716 is greater by 13” than in 1672, and this anſwers. 
te 5". 16” in time; in this interval of time therefore (44 years), there have been 
44 mean revohitions . . 16”; and conſequently 44 apparent ſolar years are- 
greater by 5. 16“ than 44 mean; divide this by 44, the number of years in the 
. N and it gives 7”. 11“ for the length of the apparent above the mean ſolar 
year. Now the e length of the apparent ſolar year was determined to be 3654.. 
ah. 49. 0˙ 53; hence, ny: obſeryations, che length of the mean ſolar - 
year is 36 5d. 5 48. 53“ dy 
143. The length of a beer at may alſo be frac by obſerving the ex- - 
act time of the equinoxes. To do this we muſt previouſly know the latitude - 
of the place, from which we ſhall know the altitude of the point of the equator 
on the meridian, it being equal (87) to the complement of latitude. Take the 
meridian-altitude of the fun's center on two days, one when it is leſs than the 
complement of latitude and the other when greater; tlien the ſun muſt have 
paſſed the equator in the- intermediate time. Take the difference (D) between 
theſe altitudes and it gives the increaſe of the ſun's declination in 24 hours; 
take alſo the difference (4) between the altitude on the firſt day and the com- 
plement of latitude, and then ſay, D: d:: 24 hours: to the time from noon + 
on the firſt day till the fun came to the equator. . Repeat this when the 
ſun returns to the ſame equinox, and the interval of the times gives the length 
of. a tropical year. If an interval of ſeveral years be taken, and you divide by the 


number, it will give the time more accurately. If we take a difference of two 


days, the third term muſt be 484. The fame may be done by one obſervation, if 
we know the rate at · which the ſun changes it's declination in 24 hours, which 
at the equinox in ſpring time is found, by the mean of a great number of obſer- 

vations, to be 23'. 40”, and in the autumn to oy 27 28”, Caſſos's Elem dir. 


Ne. 209, = 


Px. On Marek” 20, 1672, the ſun's meridian altitude at the Royal Obſerra- - 


tory at. Paris was obſerved to be 417. 27. 56", from which ſubtract 415, g'. 50 the 
Merits: 
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meridian” altitude of the equator, and there remains 16'. &, for the ſun's declina- 
tion; hence 23. 40“: 16, 6” :: 24 hours: 116k. 19, che ſun's diſtance: i in time; 


from the oy ng Which, as wits fun. was mite the equinox, ſubtracted 1 te, 


mhwle vault days | in i che 59 years was 21 :1548, and therefore the whole. in- 
terval between the two equinoxes was'21549d. 7h.4', which divided by 59 gives 
the length of the apparent ſolar year 3654. 51. 48. 53“; from this ſuhtract 7, 
the variation of the equation of the orbit in the interval of the obſervations, 


to un eaſt of Paris, being added to 144. 20. 40“ gives 164. 12”, 26” the time 

candria. Reduce this time to the Julian-year, by ſubtracting 11 days by 

rue the Gregorian is before the Julian, and we have the time of the equi- 

nox by this ſtyle, on March 10, at 4h. 12“. 26“ in the morning. Between theſe 

two obſervations there was an interval of 1880 Julian years, except 14d. 7h. 

R .42'. 34”. In theſe years there were 470 biſſextiles and the reſt common Jultan 
years of 365 days. Therefore if we divide 14d. 7h. 42'. 34” by 1880 it 

ue 10“, 58“. 10”, ſhowing how much the k ſolar year is leſs than 365 

| Gays 


z 


: and we have the mean length of the ſolar year 36 5d. 5h. 48". 46". The interval 
has here been taken between the true equinoxes, whereas we want to get the 
length of a tropical year between the mean equinoxes in order to get the length 
of a mean tropical year. But in taking a long interval of time, the difference, 
whether we take the true or mean equinox, will be inſenſible. Another correc - 
tion might alſo be added, when we compare the modern obſervations with the + 
ancient ones, on account of the preceſſion of the , equinoxes being greater now . 
than it was then. From the modern obſervations the length of a mean ſolar 9 
year appears to be 27,6 leſs than that which is deduced from h the 1 
fame obſervations with thoſe of Hirearcavs. - » + ay 
144. As the ſun's declination at the equinoxes changes about 24 in 124 hours, 8 
an error of 10“ in the altitude of the ſun will cauſe an error of ro minutes in the | 1 by. 
Il determination of the time of the equinox, and conſequently the ſame error in 1 
Ui the length of the year, if it were determined by 2 obſervations at the interyal 1 
i only of 1 year; but if the interval were 60 years, the error would be only 10 et 
00 ſeconds. As the accuracy therefore is very much increaſed by taking a long 5 
. | Nen let us compare the moſt ancient obſervations with the modern ones. 1 
(4 - HieyeaRcnvs, in the year 145 before }. G found the time of the equinox i 
} i, . 10 be on March 24. at 114. 55 in the morning at Alexandria. In the year Fo 
Nie 1735, at the Royal Obſervatory at Paris the time of the equinox was found to 1 
6 be on March 20, at 144. 20“. 4⁰⁰. Now the difference of the meridians = "Fox 
1 tween Paris and Alexandria is, in time, 14. TIC 46”, which, as Alexandria lies 
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23 FROM obSRVATToN, AND! THE OBLIQUITY” OP THE ECLIPTIC: 55 : 
1275 5 hours; hence the length of the apparent ſolar year i is 365d. 5h. 49˙. 17. 


A aries; find the time (119) when the ſun has the ſame declination mv; on 

each ſide of the tropic S, and at the ſame times find alſo the differences of it's 
right aſcenſion and that of a fixed ſtar s, the ſum or difference of which wE, vx, 

according to the poſition of z, meaſures the motion v of the fun in 5 aſ- 


cenſion, the half of which is wD (SD, gz being perpendicular to AL); 
« we ſhall get D which is equal to 2 T e. Now to find when the fun comes 


to D, obſerve it's right aſcenſion at x, either the day before or day after the ſol- 
"ties? compared with the ſame ftar, and you have xz, the difference between 
which and Da, 1 is Dx. Obſerve. alſo the increaſe (4) of the ſun's right aſcenſion 
ar that time in 24 hours; then 4: D :: 244. : the time of the paſſage of the 
ſun from x to D, which added to or ſubtracted from the time at x, according 
as Va is leſs or greater than v, gives the time when the ſun in right aſcenſion 
is at H, or when its Si in the oller S. Calf s Elem. d Aſtron. Pag. 2 38. 
bit ON 4-81 SER 4 $61 
Ex. According to CAss INI on May 29, 1737, the altitude of the fun- s up- x 
per limb, when it paſſed the meridian, was 63*. 6'. On July 14. it's altitude on 
the meridian was 63 . 7 and on the 15th it was 62%. 57, 35 it was therefore 
diminiſhed 9. 2 ' in one day, and on the 14th it's altitude was 1' greater than on 
l May 293 hence 9. LIES, 1':: 24k. : 2h: 32'. 55" which added to the 14th gives 
25. 32. 55 forthe time when the altitude, and conſequently the deelination, was 
the fame as on May 29. On the ſame May 29, the difference vz of the right 
 aſcenſion- of the ſiin-and Sirius was 32% 9. 8". On July 14, the difference was 
WT: ff when the ſun was on the meridian; and as the inereaſe of the n 
nght aſcenſion was then 1*. 0. 45” in 24 hours, we have 244. : 2h. 32 | 5. 
1%. 0. 45 : 60: 40% which added to 1 155. 16 4” gives 2 00 = 15%. 22. 44 * 
difference of tlie right aſcenſions of the ſun and Sirius on July 14, at 24. 32. 55 
But as Sirius paſſed the meridian before the ſun, 2 in. this caſe will fall between 
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x 50⁰ to which add 670 300% being what the apparent is leſs than the 

W mean ſolar year, found as before, and we get 365d. 51. 49. 8“. 20” the 

1 length of the mean ſolar year from theſe obſervations. The mean of 10 reſults | 
bt from different obſervations made by Hi1yeyArcnvs, compared nn _ 

'Y eb gives the length of the mean ſolar year 365d. 5h. 48. 449. | 7 
1 1345. The length ef the year may alſo be found by finding the 3 
1 the ſun comes to the tropic. For let ADL be the equator, ASL the ecliptic, Tm | 
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1 | D and W, and therefore UW —=VUZ + 20 = 472 31. 52 hence Du = =22?. a i 
1 4 85 50”, from which take 220 and we get Dz = 8, 23. 12" the diſtance of Si- | * 
1 rius in right aſcenſion from the ſolſtice. Now on June 21, Sirius paſſed .the 


- = | meridian at oh, 330 34 „ At which time the difference ⁊x of It's right aſcenſion 
; Rs 1 | | and 


pay 
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und that of the ſun was 8*. 230. 30', and conſequently æ D = 2.8", ſhowing what 
the fan wants in right aſcenſion of the ſolſtice. Now taking the increaſe of the 
_ s Tight aſconſion at that time to be 62725 in 24 hours, we Have G 28 
2: uh. 6. 56. which added to oi. 33'. 34 gives oll. 40. 30“ on the a iſt 
— time of the ſolſtice. Hence, by finding che interval of two Jolſtices, we 
get the length of a tropical year. After getting the apparent ſplar year, we get 
"the mean ſdlar eat, by. ing to it the variation of the equation of the 

center, for the ſame reaſon that we made a ſimilar mee 8 * 
equinoxes. 

M. CAssrxi, eee Tolftice obſerved. at Athens on Base 27, 481 
:years before J. C. with one obſerved at Paris on June 21; 4747, found the 
length of a mean ſolar year to be 3659. 5. 49. 48“. 39“. By comparing one 
obſerved at Alexandria on June 24, 140 years after J. C. with one obſerved at 
Faris on June 20, 1732, the length was found 365d. 5. 47. 36. By ſolſtices 
obſerved at Nuremberg in 1487, 1493, 1498, 1503, and one at Paris on 1734, 

the length is found to be 3659. 54..48'. 31“. By comparing 14 ſolſtices ob- 
ſerved at Uranibourg with as many obſerved at Paris, he found the length of 


:the mean ſolar year to be 365d. 5h. 48'.-52". The accuracy of theſe obſerva- 


tions appears from hence, that of the 14 determinations, only 1 any 20 
1 differed 15”, 1 differed 11:, and all the others leſs. 


If we take a mean of all the mean ſolar years as 8 by Ca 881NI Go. 


the equinoxes, leaving out 2 which differ very much from all the reſt, we have 
the length of a mean ſolar year 365d. 54. 48. 51's. If we do the ſame ” 


:thoſe determined from the ſolſtices, the length comes out 3659. 5h. 48. 424 
the mean of which gives 36 5d. 5h. 48. 47“ the. length of a mean ſolar year. 


146. M. de la LAxpx, in a Piece entitled. Memoire fur la veritable Longuenr 


de ] Annee Aftronomique, which gained the prize propoſed by the Royal Society 
at Copenhagen for the year 1780, has, by comparing a great number of the 
moſt diſtant obſervations, and thoſe which could be moſt depended upon for 


their accuracy, determined the length of the mean ſolar year to be 3654. 54. 
48. 48", * only. 1“ kom our determination from CAss1N1. 


, 


To find the 7 receſſion. of the Eau from Ohpervation. 


47. The ſun returning to the equinox every year before it returns to ths 
Tame point of the Heavens, ſhows that the equinoctial Points have a retrc 
motion, which, as we ſhall prove, ariſes from the motion of the equator, cauſe 
ed by the attraction of the ſun and moon upon the earth in conſequence of it's 
heroidical figure. The effect of this is, chat the longitude of the ſtars 


muſt 


FROM "OBSERVATION, AND THE 'ORLIQUITY, OF, THE ECLIPTIC, _ 57 


muſt conſtantly increaſe; and hence by comparing the longitude of the ſame ' 5 
ſtars at different times, the motion of the equinoCual points, or the preceſſion 
of the equinoxes, may be found. 

148. Hryearcnvs was the firſt perſon who obſerved this motion, by com- 
paring his own obſervations with thoſe which TiMocnarrs made 155 years 
before, From this he judged the-motion to be one degree in about 100 years ; 
but he doubted whether the obſervations of TiMocuaris were accurate 
enough to deduce any concluſion to be depended upon. In the year 128 
before J. C. he found the longitude of Yirgin's Spike to be 5s. 24*; and 
in the year 1750 it's longitude was found to be 6s. 20%. 21', the difference 
of which is 26% 21'. In the fame year he found the longitude of the 
Lyon's Heart to be 35. 29;- 50“; and in 1750 it was 47. 26. 217, the diffe- 
rence of which is 265. 31. The mean of theſe two gives 26%. 26 for the in- 

1 creaſe of longitude in 1878 years, or 50". 40“ in a year, f for the preceſſion. By 
771 comparing the obſervations of We in the year 878 with thoſe 
. made in 1738, the preceſſion appears to be 531“, 9g”. From a compariſon of 15 
obſervations of TY HO with as many made by M. de la CA1LLE, the preceſſion 
is found to be 50“. 20”. But M. de la LAxpE, from the obſervations of M. de 
la CAiLLE compared with thoſe in FLAMSTEAD's Catalogue, determines the 
ſecular preceſſion to be 1*. 23“ 45” „or 50",25 in a year. 

149. The preceſſion being given, and alſo the length of a tropical year, the 
length of a ſidereal year may be found by this proportion; 360% 50”,2 3 
3609. :: 365d. 5h. 42 OP 365d. 6h. 9“. 1175 the length of the fidereal year. 


* 
. 


On the Anomaliftic Y, ear. 


150. The year, called the anomaliſtic year, is ſometimes uſed by Aſtronomers, 
and is the time ſrom the ſun's leaving it's apogee till it returns to it. 
Now the motion of the ſun's apogee is 1“ 2” every year, in longitude, or 1n 
reſpect to the equinox, according to M. de la LANDE, therefore 1. 2 — 50",25 
—= 11',75 the progreſſive motion of the apogee 1n a year, and hence the anoma- 
liſtic muſt be longer than the ſidereal year by the time the ſun takes in moving 
over 1 1',7 5 of longitude at his apogee ; but when the fun 1s 1n it's 5-0 
it's motion in longitude is 58'. 13“ in 24 hours; hence 58. 1 zieh 
hours ; 4. 50%, which added to 365d. 6h. 9. 114“ gives 365d. 6k. 14. 2 1 for 
the length of the anomaliſtic year. M. de ha LANDE determined this motion 
of-the apogee, from the obſervations of M. de la Hike, and thoſe of Dr. Mas- 
'KELYNE, CASSINI made it the ſame. MavyzR made i it 1“. 6” in his Tables. 


n 


PR 


. REGIOMONTANUS in 1460 = = 


2 


ox fh LENGTH OP THE YEAR, THE PRECESSION OF THE EQUINOXES 


— 


fr 


7 * ) * — 


On the Obliquity of the Ecliptic. 


151. The method uſed by Aſtronomers to determine the obliquity of the 
ecliptic is that explained in Art. 86. by taking half the difference of the greateſt 
and leaſt meridian altitudes of the ſun. The following is che obliquity as de- 
termined by different Aſtronomers. "i 


23". 51. 20” 
23 - $3 20 


ERATOSTHENES 230 years Ae TL 
Hip ARcHUs 140 years before J. C. 
ProLEM 140 years gfter J. C. 23.51. 10 
Paprus! in the year 390 e 23 30. 0 
ALBATEGNIUS in 800 23. 35. 40 
Anz Anf in ion f 23.34. © 
PRorHArius in 1300 - - -" "84 0 

'23 30. 6 
23028. 424 
23.29. 47 

23. 29. 30 
23.29. 2 


CoPERNICUS 1n 1500 „ 
WALTHERUS in 14e 
J..... tf 5 nt 2t” a 
Cassint (the Father) in 1656 | 
. CASSINI (the Son) 1 TT" 2320556 
FLAMSTEAD in _ - 23. 28. 48 
De la CAIL EE in 1750 ets HS 2g: 20-29 
Dr. BRA DLE V in % e472; ot: 
Marmi 34346. 18 
Dr. MasKELYNE in 1769 <- 23. 28. 8,5 
M. de la LAxDE in 1786 - = en 0 


The obſerrations of 1 an, Arabian, are Bert Gundel for re- 
fraction. | Thoſe of WALTHERUS, M. de la CAILLE computed. The obli- 
quity by TYcno is here put down as correctly computed from his obſervations. 
Allo the obliquity, as determined by FLAMsT EAD, is corrected for the nutation 
of the earth's axis. Theſe corrections M. de la LAxpE applied. 

152. It is manifeſt from the above obſervations, that the obliquity of the 
ecliptic keeps diminiſhing; and the 1 irregularity which here appears in the dimi- 
nution we may aſcribe to the inaccuracy of the ancient obſervations, As we 

know that they are ſubje& to greater errors than the irregularity of this varia- 
tion. If we compare the firſt and laft. obſervations, they give a diminution: of 
70 in 100 years. If we compare the laſt with that of Tyco, it gives 45“ 


The laſt compared with that of FL Aus TE Ap gives 50”. If we compate that of 


Dr. MASKELYNE with Dr. BRADLEY's and Mar ER's, it gives 50". The 
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compariſon of Dr. MAsKELYNE's determination, with that of M. de la LAxp r, ö 
which he took as the mean of ſeveral reſults, gives 350“. We may therefore f 
fate the ſecular diminution of the obliquity of the ecliptic, at this time, to be 
50”, as determined from the molt accurate obſervations. This reſult agrees very | 
well with that deduced from theory, as will be ſhown when we come to treat 
of the phyſical cauſe of this diminution, | 
. = 
„ | 
1 5 
H 2 4. H A P. 
7 | | 
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ON PARALLAX. 
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Art. 153. IE ere center of the earth deſcribes that circle in the Heavens 
which is called the ecliptic ; but as the ſame object would ap- 
pear in different poſitions in reſpect to this circle, when ſeen from the center and 
ſurface, Aſtronomers always reduce their obſervations to what they would have 
been, if they had been made at the center of the earth, in conſequence of 
which, the places of the heavenly bodie are computed as ſeen from the ecliptic, 
and it becomes a fixed point for that purpoſe, on whatever part of the earth's 
ſurface the obſervations are made. 
154. Let C be the center of the earth, 4 the place of che ſpectator on it's 
ſurface, & any object, ZH the ſphere of the fixed ſtars, to which the places of 
all the bodies in our ſyſtem are referred; Z the zenith, ¶ the horizon; draw 


 CSm, ASn, and m is the place ſeen from the center, and x from the ſur- 


face. Now the plane SAC paſſing through the center of the earth muſt be 
perpendicular to it's ſurface, and conſequently it will paſs through the zenith Z; 
and the points m, u, lying in the ſame plane, the arc of parallax mn muſt lie in 


à circle perpendicular to the horizon, and hence the azimuth is not affected, 


if the earth be a ſphere. Now the parallax mz is meaſured. by the angle 7 S 
or ASC, and by trig. CS: CA :: fin. SAC or SAZ: fin. ASC the parallax = 
CA X fin. SAZ 
PX IL 

fine of the thin varies as the ſine of the apparent zenith diſtance directly, and 
the diſtance of the body from the center of the earth inverſely, Hence a body 
in the zenith has no parallax, and at s in the horizon it is the greateſt, If the 
object be at an indefinitely,great diftance, it has no parallax ; hence the appa- 


As CA is conſtant, ſuppoſing the earth to be a ſphere, the 


rent places of the fixed ſtars are not altered by it. As # is the apparent place, 


and m is called the true place, the parallax depreſſes an object in a verti- 
cal circle. For the ſame body at different altitudes, the parallax varies as the 
fine (s) of the apparent zenith diſtance; therefore if p= the horizontal parallax, 
and radius be unity, the fine of the parallax = ps. To aſcertain therefore the 


- parallax at all altitudes, we muſt firſt find it at ſome given altitude. 


155. Firft method, for the un. Ax ISTARcHos propoſed to find the ſun's 
parallax, by obſerving it's elongation from the moon at the inſtant it 
18 


Falk] 
ON' PARALLAxX. 


fore we ſhould know the angle which the diſtance of the moon ſubtend sat 
the ſun; which diminiſhed in the ratio. of the moon's diſtance from the carth's 
"— center to the radius of the earth would give the ſun's horizontal parallax. But 
— alvery ſmall error in the time when the moon is dichotomized, (and it is impoſ- 
© ſible to be very accurate in this) will make ſo very great an error in the ſun's 
parallax, that nothing can be depended upon from it. VENDELINUS deter- 
mined the angle of elongation when the moon was dichotatnized to be 89%. 45 
from which the ſun's parallax was found to be 15”, But P. Ricciolz 


found it to be 28” or 30” from like obſervations. 
156. Second method. HI AR Hs propoſed to find the ſun's paral- 


eclipſe. Obſerve the length of this eclipſe, and then, from knowing the periodic 
time of the moon, the angle Er, and conſequently Er, will be known. Now 
the horizontal parallax ErB of the moon being known, we have the angle 
Eur = ErB — nEr.; hence we know EA B = AES - Evr = AES — ErB + 
Er; that is, the ſun's horizontal parallax = the apparent ſemidiameter of the 


> ſhadow where the moon paſſes through. The objection to this method is, the 
great difficulty. of determining the angle Er with ſufficient accuracy; for any 
error in that angle will make the ſame. error in the ſun's parallax, the other 
quantities remaining the ſame, By this method ProLEMY made the ſun's ho- 


rizontal parallax 2. 50. TycHO made it 2. 
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when it is at it's greateſt north and ſouth latitudes, and correct them for refrac- 
tion; then the difference of the altitudes, thus corrected, would be equal to the 
ſum of the two latitudes of the moon, if there were no parallax; conſequently 
the difference between the ſum of the two latitudes and the difference of the 


is dichotomized, at which time the angle at the moon is a right angle; there- 


lax from a lunar eclipſe,” by the following method. Let & be the ſun, E the 


earth, Ev the length of it's ſhadow, mr the path of the moon in a central 


ſun — the horizontal parallax of the moon + the ſemidiameter of the earth's | 


157. Third method, for the moon. Take the meridian altitudes of the moon, 


7 : 2G altitudes will be the difference between the parallaxes at the two altitudes. 
—< Now to find from thence the ac itſelf, let S, 5 be the ſines of the greateſt 
= | and leaſt apparent zenith diſtances, P, p the fines of the correſponding paral- 
_— laxes ; ; then as, when the diſtance 1s given, the parallax varies 0 54) as the e ſine 
7- A of the zenith diſtance, S:s::P:p, hence S - :: P=p:p= : 1 


ſame diſtance in both caſes, but as this will not neceſſarily happen, we muſt 
correct one of the obſervations in order to reduce it to what it would have been, 
had the diſtance been the ſame. If the obſervations be made in thoſe places 
where the moon paſſes through the zenith in one of the obſervations, the 


the parallax at the greateſt altitude. This ſuppoſes that the moon is at the 


diffe- 
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- ON PARALLAX. 


difference between the ſum of the two latitudes and the zenith diſtance at the 
other obſervation will be the parallax at that altitude. 


158. Fourth method. Let a body P be obſerved from two une I B in 
the ſame meridian, then the whole angle APB is the effect of parallax between 
the two places. The parallax (1 54) APC = hor. par. X fin. PAL, taking APC 
for fin. APC, and the parallax BPC = lor. par. X fin PBM; hence hor. par. X 
fin. PAL + fin. PV = AB, . hor, par. = APB divided by the ſum of theſe 
two fines. If the two places be not in the ſame meridian it does not fignify, pro- 
vided we know how much the altitude varies from the change of declination of 
the body 1 in the interval of the paſſages over the ae, 


Ex. On Oct. 5, 1751, M. de la Cartel, at the Cape of Good Hope, ob- 
ſerved Mars to be 1. 258 below the parallel of a in aquarius, and at 25* diſ- 
tance from the zenith. On the ſame day at Stockholm, Mars was obſerved to 
be 1. 57,7 below the parallel of x and at 68˙. 14 zenith diſtance. Hence 
the angle APB is 310, 9, and the fines of the zenith diſtances being 0,4226 and 

0,9287, the horizontal parallax was 236. Hence if the ratio of the diſtance 
of the earth from Mars to it's diſtance from the fun be found, we ſhall have the 
fun's horizontal parallax. Now from comparing the altitudes of the northern 


limb of Mars with ſtars nearly in the ſame parallel obſerved on the fame days 


at the Cape and at Greenwich, Bologna, Paris, Stockholm, Upſal, Hernoſand, 


the mean of the whole gave 19',2 for the horizontal parallax of the ſun ; and 


rejecting thoſe reſults which differed the moſt from the reſt, the mean was 9", 


842. From the mean of another ſet of obſervations, the reſult was 9”,575. . 


From- the mean of ſeveral obſervations on Venus made in like manner, the paral- 
lax came out 10”,38. The mean of the three laſt gives 97, 93 for the horizontal 


parallax of the ſun. FLAMSTEAD, from an : obſervation on Mars, concluded the 


ſun's parallax could not be more than 10%. MARALPDI found the ſame. From 
the obſervations of PounD and Dr, BxaDLEY,,Dr. HALLE found it never 


greater than 12” nor leſs than 9“. CAssIxI, from his obſervations on Mars, 


found it to be between 11” and 1 5”. But the moſt accurate method of deter- 
mining the ſun's parallax is from the tranſit of Venus over it's diſe, as will be 
explained when we treat on that ſubject. 

159. If che earth be a ſpheroid, let E be the equator ; draw GAv, HBr 
perpendicular to the ſurface, and compute the angles CAv or LAG, and CBr 
or MBH by the Rule which we ſhall give, when we treat of the figure of the 
earth; ſubtract theſe from the obſerved zenith diſtances PA G, PBH, and' 
we have the angles PAL, PBM. Now CS: CA :: fin. CAP or PAL : fin; 

CA x fin. PAL | \ 7 

ad S N , allo CP: CB :: n. CBP or PBM : fin. BPC= 
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n ARAL LAx. . | 63 
CB) Xi — =; and as the parallax | is very ſmall, the lum of che two fines 
will be very nearly the fine of the ſum, therefore the ſine of APB = — 
CAX fin. PAL +CBX (fin. FE eee CA X fin. PAL +CB x fin. PBM 


the true place of the body and 7 the apparent place as depreſſed by parallax in 


or Zub, and us: ab :: 


P fin. APB 


160. Fi 72 mpthod: : Let EN be the equator, P it's pole, Z the zenith, „ His. 


29. 


the vertical circle ZK, and draw the ſecondaries Pa, Pro; then ab is the pa- 


rallax in right aſcenſion, and rs in:deglination; Now vr : vs :: 1 (rad.) : fin. vrs 
cos. va: 10 1B)ahence vr : ab : cos. va: fin. uf, 95 


ab = — * NET but vr = — = hor. par. X in. 2 (7 54), ane” ſin. v2: : fin. 


ZP:: fin. Z Po: fin. 2 = 
427. par. X fin. Z & 55. Z Po 


F 
par. is given, the parallax 1 in Tight. aſcenſion varies as the ne of the hour angle. 


Alto the hor. par. = An. ZP fr. IPB F or the eaſtern hemiſphere, the ap- 
parent place þ lies on the equator to the caſt of a the true place, and therefore 
the right aſcenſion is diminiſhed by parallax ; but in the weſtern hemiſphere, 5 
lies to the weſt of a, and therefore the right aſcenſion is increaſed. Hence 2 
the right aſcenſion be taken before and after the meridian, the whole change of 


22 * 2 ZPy 2. therefore by fabſtitacio ab 


> OI er een ot 


Hence ir: the F ftar, es the her. 


% 


. parallax in right aſcenſion between che two'obſervations is the ſum () of the two 


parts before and after the meridian, and is therefore = = - x ſum ( $) of the 


ſines of the two hour angles; and the hor, par. = Fa 2 25 5 


there is no parallax in right aſcenſion. 
161. To apply this Rule, obſerve the right 0 of the planet when 


it paſles the meridian, compared with that of a fixed ſtar, at which time 
there is no parallax in right aſcenſion; about 6 hours after, take the difference 
of their right aſcenſions again, and obſerve how much the difference (4) be- 
tween the apparent right aſcenſions of the planet and fixed ſtar has changed in 
that time. Next obſerve the right aſcenſion of the planet for 3 or 4 days when 
it paſſes the. meridian, in order to get it's true motion in right aſcenſion ; 
then if it's motion in right aſcenſion in the above interval of time . 
tween the taking of the right aſcenſions of the fixed ſtar and planet on and off, 
the meridian be equal to d, the planet has no parallax 1 in right. aſcenſion; but if 


it be not equal to d, the difference is the parallax in right aſcenſion, and hence, 


On the meridian 
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ON PARALLARK, 


by the laſt Article, the horizontal parallax will be known. Or one obſervation 
may be made as long before the planet comes to the On, by which a 
greater difference will be obtained. | | ++ 


Ex. On Auguſt 15, 1719, Mars was very near a ſtar of the 5th magnitude 
in the eaſtern ſhoulder of aquarius, and at 94. 18' in the evening, Mars followed 
the ſtar in 10”. 17”, and on the 16th at 44. 21“ in the morning it followed it in 
107. 1”, therefore in that interval, the apparent right aſcenſion of Mars had in- 
creaſed 16” in time. But according to obſervations made in the meridian for 
ſeveral days after, it appeared, that Mars approached the ſtar only 14” in that 
time, from it's proper motion, therefore 2" in time, or 30“ in motion, is the effect 
of parallax in the interval of the obſervations. Now the declination of Mars 
was 1 56, the co-latitude 41*. 10, and the two hour angles 490. 15 and 567. 39) 

30“ X cos. 1 5˙ RL It 
ſin. 41*. 10“ X fin. 495. 15 J fin. 565. 39 
But at that time, the diſtance of the earth from Mars was to it's diſtance 
from the ſun as 37 to 100, and therefore the ſun” s horizontal FANS comes 
out 10%17. 

162. When Dr. a was at St. Helena and „ he made 
ſeveral obſervations of this kind on the moon, in order to determine her hori- 


therefore the hor. r = 


zontal parallax ; and he further obſerves, © that if the like obſervations were 


repeated in different parts of the earth, it would probably afford the beſt means, 
yet propoſed, for aſcertaining the true figure of the earth, as they would deter- 
mine the ratio of the Aldinctets of the parallels of latitude to each other, the 
horary parallaxes being in proportion thereto : For though the earth affords but 
a ſmall baſe at the moon, yet, by repeating theſe trials, and comparing the re- 


ſults, we may hope to attain that degree of exactneſs, which we could never 


expect from fewer obſervations. ” 
163. But beſides the effect of parallax in right aſcenſion and 3 it 


is manifeſt that the latitude and longitude of the moon and planets muſt alſo 
be affected by it; and as the determination of this, in reſpect to the moon, is in 


many caſes, particularly in folar eclipſes, of great importance, we ſhall proceed 


to ſhow how to compute 1t, ſuppoſing that we have given the latitude of the 
place, the time, and conſequently the ſun's right aſcenſion, the moon s true la- 
titude and longitude, with her horizontal parallax. 

164. Let HR be the meridian, EQ. the equator, it's pole; ꝓ C the 
ecliptic, P it's pole; ꝙ the firſt point of aries, H the horizon, Z the zenith, 
ZL a ſecondary to the horizon paſſing through the true place 7 and apparent 
place ? of the moon; draw Pr, Pr, which produce to s, drawing the ſmall circle 
fs * to ov; let r# be perpendicular to Pt, and draw the ſmall. circle ra 

| parallel 


on PARALLAT:.: 


parallel to 508 wen vi, or ta, is the parallax in latitude, and ov. — in 
longitude. Draw the great eircles-P OP ZA, Ppde, and 2 * perpendicu- 
lar to pe; then as P o', and ＋ P gol , muſt (4). be. the po of Ppde, 
and therefore4#F = do conſequently d is one of the ſolſticial points & or vs ; 


alſo draw Zx perpendicular to Pr, and join £ Pa bY. No ꝙ E, or the angle 
Y PE, or Zpꝙ, is the right aſcenſion of the mid-heaven, which is known 


(106); PZ A (becauſe XZ is the complement of both) the, altitude of 
the higheſt point 4 of the ecliptic above the horizon, called che nonãgeſimal 
degree, and ꝙ A, or the angle Y PA is it 's longitude. eee angled 
triangle Z H, we have Zp. the 'co-latitude of the place, an d the abgle Z pl. 
the difference — the right aſcenſion of the mid-heaven © PP THE « and ꝙ d, 


to find ]; hence PW =pW t pb, where the upper ſigu i 1s to be taken when 
the right aſcenſion of the mid-heaven is lefs than 180˙ and the under, when 
greater. Alſo in the triangles /Zp, N P, ſin Mp: fin M P:: cot. FpZ : cot. 


VP, or tan. AP and as we, know 0, Or ꝙ Bo, the true longitude of the 


moon, we know Au, or ZPx; alſo cos. P, or ſin: APZ, : : rad. f: tan, HP 
: tan. Z P. Hence in the triangle ZPr, we know ZP, Pr and the angle P, 
from which the angle Z or tes, and Z r may. be found; for i in, the nght.an- 
gled triangle Z Pæ, we know ZP and the angle P, to find Px therefore we 
know rw ; and hence (as the ſines of the ſegments of che baſe of any triangle 
are inverſely as the tangents of the angles at the baſe adjacent to which they 
lie) we may find the angle Zr x, with which, and ræ, we may find Zr the true 
zenith diſtance; to which, as if it were the apparent zenith diſtance, find the 
parallax (154)and add to it, and you will get very nearly the apparent mow 
diſtance, correſponding, to which, find the parallax yr; then in the right ang 
triangle rst, Which may be conſidered as plane, we know 77 and the - Ps . to 
find rs the parallax in laritude; find alſo 75, which multiplied (108) by the ſe- 
cant of Tos the apparent de gives the arc ov, * Parallax in dangftudt. 


Ex. On January 25 1771, at 9}. apparent time, in lat. 53 N. che moon's 
true longitude was 3s. 18*. 27. 35”, and latitude F. 5. 30 S. and its horizon- 
tal 8 S 95 to find 1 it's — in trade and Hongitude.”. . $ 
from the meridian. 13 5*; alſo (106) che right tes op E of: the mid-heaven 
Was 5%. 22. 2 ; hence the whole operation for the ſolution of the triangles 


may * thus. „„ e 
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| 2 * 237 0 0 ON, 7 ep 
LED ECTS 
: ys (I 34 3 l N 
| ale ek =23- 28, & 3 
; . 1 1 
PW 2 855 51 57 in eG 


IG | "9" i 
"PW =: 55 37 8377 100% s 
pi 2 4 , ” 5 8 0 
bal 2eme. 34. 3) 0 
Me ; 14 = 67 „ 3 92 8 TILE 
4 : c——_ 7 29. - 8 3 * 1 


ey =108. 27. 35. 


OT 7 40. 22. . 


* 8 4 = = 67 . 29. 8 a; ” MN 
* ah © WP = . 57 57 ban. 


Px = 50.. 19.33 — — 5 
Pr S9. 5 za. Kilt 111m 
rx 243-4557" —œc 


N 18. 243 45 57 — 8 


* ” g 4 ; | * 6 * - { > 
[20 — 32 2 37 3870 N if a — 


pu 3223. 57 1) 1» 46. fin. o. 2066 
fin. 9.917886 1 


e = 2.6% e co 
„ „ 8 

ſ 

| 


A: C. fin. 0.160074 . 


cos. + 10 19. 86 77% Nom 


08. 99253864 0} ii: 19” 


tan. 2.88244 B ng 
B. 5 tan. 9. — n 156; 
4 +. £ 0 6 5 W I 


ot. 10. 19359444 
tan. 10. 224— ry. 7 


St | 11 14 
SIT * 2 


* 


7 1 
. - \ * 4 4 * " F | 
bs — ' 1 1 4 5 
* = - * 
1 * mY 1 = * of e q * 
bh * f Ci - P a — 
9 7 A \ # 31 4 * #. 0 ' ; f j 


fin. 65700. 799, 
+ 10 20.168210 


tan. 10:2032510 | 


2; wh 3 cos. '9.8779500' ' © 


ITS ä 14 


LAY 


fin. 9.8863 144 | 

9-9387676-. 

tan. 851565 
EE 1 


Al 


4 


tan. 9. 9812846 


6. 10 -— = cot. ' 9.8754999 
34 Er = 53; 6. 20 pulling 2 fin, 9-9929362 
„ 901,241 454 Hor, pari = Gn; 9. 3669 log. 325645477 
2 1 77 uncorrected = 2934 = 48. 54” - log. | 3:4674839: 
Ws App. zen. diſt. Z= 53*. 554" nearly fin. 9.907 50 
Hor. par. = 61". g®:=366g'. = log. 3.5645477- | 
- Par. rt cor. =2965"= 49%..25* log. 34720519, 
NR ers A. 1.16" - = = cos. 8567795; 
E xs par. in lat. = 2132*= 5. 32” log. 3.328834 
Tri. 
5 — 
. | 


ON PARALLAX. | =... | li 
rt cor, = 2065" =... .- „ 3.420619 
trs=44*. 1. 16% „ 11 fin. 9. 8419369 


6 2061“ 34. 21"  » - log. 3.3139888 EY 
True lat. ro=4*. . 30”. | 
App. lat. vr =. 41. - ſec. 10.001428 


ov par. in long. = 2067" 34. 27" - log. 3.3154416 


Tri. zrs 


The value of 7 is ro- or +75, according as the moon has N. or S. latitude. 
The Figure is drawn for north latitude, but the Example is for ſouth liens. | 


This is the direct method of ſolving the problem from the triangles ; but 
the operation may be rendered eaſier by the following Rule (the moſt conve- | 
nient of any yet given) diſcovered by Dr. MasXELYNE, but communicated | 
without the demonſtration. The inveſtigation here given, is by the Rev. EIT | 
Mr. BRINKLEY, A. M. Profeſſor of Aſtronomy at Dublin. 5 - 


Let the height Hof the nonageſimal degree, or PZ, and the angle ZPr (u), | | | 
the moon's true diſtance from the nonagefimal, be computed as before. Put | 
3 P=the parallax ov in longitude, A the parallax at in latitude, depreſling 
1 the moon ſouthwards, LS the true We / the apparent latitude, + the 
"2% | horizontal parallax. Now W | 
2 | P: rn :: rad. : fin. Pr 


rn: rt it fin. utr : rad. þ P: + rt fin. ur x fin. Zr : fin, Pr, 


rt: I :: fin. Z! : rad. radius being * . 
| ſin. | 
hence Pa £3 1 . ms = (as fin. At x fin. Trin 2ZPt x ſin. PZ) 


k x fin, PZ „ ſin. ZPt k x ſin. H x fin. #+P 
fin. Pr 1 coſ. L 
Alſo, tn : tr :: col. rtn : rad. :: fin. rn : tan. vin 
tr: hk :: fin. Zt : rad. 
n: It: fin. rin x fin. Z "tan. rin * rad. :: fin. PZ x fin. LPt-: 
. 255 r = wi ZÞP ſubſticuting for the third and Punk | 
terms their values ; hence, In A x ſin. PZ x ſin. Pt x cot. ZP—h x ſin. PZ 1 


x col. Pf x coſ. Z Pt h x coſ. H x coſ. I hk x ſin. "TH LRN 1 TP. 


| ru* * 
Now as the angle Pu is very ſmall, we have an = 1. 3 = (from the 


the parallax i in Lak 


If we conceive two tangents to be drawn to Pr and Pa at r and a, and to meet, then n 
may be conſidered as the fine of r @ to the length of theſe tangents as a radius, and therefore, by 
the property of the * an ru divided by twice the tangent. 
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fit proportion above) —— fn. Pri =} P* x ſin, Pr x col. pr! ÞPxP x 


2 tan. Pr 
fin. Pr x coſ. Pr= (as, fr from above, P x ſin. Pr =h x 10 PZ x ſin. 'Z Pt) 


IP x hx ſin. I x fin. 1+P x fin. L, or fin. 1 nearly; hence, 2 =:a=tn—an= 
h x coſ. H x coſ. 1— hk x ſin. H x fn. Ix col. AHP AX ſin. A x43 P x fin. 
1＋ P x ſin. J. But as P is very ſmall, we may call 12th the ſine of 2, and 
it's coſine we may put rad. =1; hence, for coſ. 1 + Þ we may ſubſtitute 
coſ. 1 + P x col. 4 , and for 12 x ſin: n+ P we may put fin. a + 5 
x fin. 4 P; hence, = I x col. H x coſ. } — h x ſin. H x fin. 1 * 
col. 1 +P x coſ. PA ſin. a +P x ſin, 4 P= (becauſe by e by plane Trigonometry, 
coſ. u +Þ x coſ. 4 PA ſin. TP x fin. 1 P coſ. n+zP) h x col. H x eol, 
I- x fin. H x fin. I x coſ. , the parallax in Latitude, 


Now P enters into the expreſſion for the value of P, and as P is very fad, | 


h x fin. H x ſin. 1 


we muſt firſt ſuppoſe P - „ which will give a near value of 


p; then put that value into the Beeler and you will get a very accurate 
value of P. Alſo in the expreſſion for Q, we have the apparent latitude, which 
cannot be known without knowing 9; hence' we muſt firſt get a near value of 
9 and: apply it to the true latitude to get the apparent nearly; to do this, we 
may omit the ſecond part as being ſmall, on account of ſin; / being ſmall for 
the moon, and ſuppoſe 2=+ x coſ. H x coſ. I= x coſ. H x coſ. L nearly; 
or when the latitude is very ſmall, as is the caſe of the moon in ſolar eclipſes, 
we may ſuppoſe N col. H, from which we ſhall get. the apparent latitude 
with ſufficient accuracy. * 

In the application of this Rule, regard aſi be had to the bene of the quan- 


tities; if 144 P be greater than go? it's coſine becomes negative, in which 


caſe Q will be the ſum of the quantities, unleſs the apparent latitude J is ſouth, 


in which caſe, it's coſine will be negative, which makes the firſt term negative. 


In general, & will be the ſum of the two parts, when 1+3P and the moon's 
apparent diſtance from P are, one greater and the other leſs than go; otherwiſe 
will be the difference. The parallax in longitude increaſes the longitude, if 
the body be to the eaſt of the nonageſimal degree, and decreaſes it, if it be to 


the weſf. This Rule is more correct than the other, becauſe in that we took 


the finall circle 25, inſtead of a great circle from 7, as the perpendicular from 
upon Pr produced. This error, for the moon, may ſometimes amount to 
about 2”. It may be corrected by applying an found above. 


To apply this Rule to the laſt caſe, we have H= 5. 56. 36”, n=40%. 


58'. 27", LS. 5. 1 ſouth, 4=61'. g” = 3669”; hence 


a* : 
* 8 « 
a 4 3 > = * <FS. >. d 4 — * MR \ * Wo * 
: $0 "obs CS L 5 . GT — N bg — MER 8 4: r * . 2 n — * er Et 4 5 "3%" 
me W EY 4 c rau 8 2 * Jn II p 3 8 D e N- 
C =, l 2 2 4 py l C al als ? 3 rh g 1 vs * » "5 = OS Lb.» EE A 
* r pad 2. —_—_ 5 r ENT le od dT IS n r xt 1 
= N 4 + * — RI >: er OE oC ny ACT LET con IT 1 5 25.4 on ls a n 7 — * Ne 1 
— 5 *% * ©4137 To, » e Er n * IT'S: * n 1 28 
> 5 £ K - Wo 3 | 8 Lan * 4 S N r D 2 1 
0 Ws La 3. 2 4 2 N STE g 
Yi. — * ' . > 


On FARABLAS: | 


4D Logg OS ot 000 Bod Þ ; in $45645477)} LOS 
17 0 Sin ZÞ--- 261} IR ee Vee Op 1108 dg 250 

% Cos. 2 un Das A. n —— 3 225 — 4. C.. o 8 2 nd 
ups y Nn 1% ei itt, WO 10 50 nbi on 33149380790 . 


* * 


Sig. = O 7 n nn 297 0 eto al i, "918767296" no 31. 01 

10 5b; fI elan 43 2 81 1 al 1 W rd 47) 
| = MY -.- . * 

11— Ts. 2044 234: 4 4 Tk 72 J 81 -  \$ i=: d 61.3 

© Therefore #4 P 419. 32 31, hende tn gu Po VO 

10 l. Wo ü ten DUR XM ov n 21e 9 3.493879 1 

2110 845 b 1 = ; WAS | * 4 1.27] 12 N. 9. 8216237 — 3 * \ 


o Log. 206 = A. 27" par. in Longide . O 4 Fr ret to 1520193 


PR 
* 
a 

» 
* 


en, 95 Ol Fs f; 9 111 &. RY 980 35h © 16 7 1 orf n ee * * 
1 . - | 
, nl Log 4 n NO Dh i BY Lats 4d 8227 961 270 
8 H. * 8 3 7 » D 5 0 44.4 Nell ah 
wet ww þ Cos. tf 1125 5 To eh igt 38: 1 wy 'er N 11 3. ES 
1 pere 21357865 33” Par lat. , 3. . 7 
˖ 0 © | 
4 1 1%: J 0 * age $112 10 93066715 1 Sat 373 „A 73 woA nenn 
e2.008 Ows * uh e e- 41"; Mt. 21 Ang mon $50&f!b wir ci bas 
N 78 10101 W 4 14 5 57 an  r. : ' 1? 
21 — — £1 THO 321 ib 2411 Cd AA 910 (5101991 
11 29 Log. # 104. 9111.01 Band Lo 3.56454// £ 11 #1111 11 8 16 Uns 
. - Dos 240 wo 4 2 ys 0 224890g 1 d vi 2% 04. A 1h 
Ess. "= Tr 3. e 9.99854) rſt part of _ -- 1-2 
*4 AT 1 21 1 2.287 0 . A * 
Log. 1944 — = 32˙ 21 AA ee e 
3 RE po | 89 War TY», | :205 
0 Baits of 01. biomlit n 10h ger bo colteups l l . 
N N k "$I x IS 7 WH. — . 
9 en,, SIDED, WR is 9.9281 5/11 8: nib of zeiloter 215 
2 70 : 4 of 1 * 15 15. - * 3 ke | : | 7 1 ' i * 
i = 1 2 5 Sin. LIL 72 4 11 4s Br FF 3 ba F 5 8.9 120258 ond. pa; t of TIF . 
75 1 „on Cos. x + = 2 18 Yi w ION 9.8759 309 e 3 011 ; { 
29 2100 TRE 8 +. 41", : 29 8 3 . 
by By.” , . EET» LS 
wy ; 119114 £ WI £73 "ez i: #! : 25 8 110 14 3 {.4 ; "5 36 18 * 31} Tx 338 
FT we J 21 & 5˙ | 8 48 63 By 12322141 R . r . : 2 
F 4 21 0 * j JH ien d JIA MINI 1. 1121 2a0p3 ont 2+ 1 
FP {it} } C1; p —— . : 
15 Rs ee by Lond. «1 "os, ebiniel ai wot 
„ f 
Sh 5 TE A — 
1 The fv of 1 — parts is here taken, N Pts is £ greater than | 99 and! 
"= 1410 OED £112 . 


1 


i: | uf: P leſs than 9. | 
2 16 5. Hitherto we — i the effect of parallax, es Arpehttes 
that the earth is a ſphere; hut as the earth is a ſpheroid, having the 


RA, 


meter ſhorter than the equatorial, it will be neceffary to -thow how tie computa- 
nons are to be made for this caſe. The following method is given by CEAIRAVvT. . ; 


166. Let E PND be the earth, E the equatorial and Pp the polar diame- Ftg, | 
ters, O the place of the ſpectator, HGR: the rational horizon, to which draw 31. 
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ZONK Perpendicular ; L the · moon, join LO, - LC, LX, and draw CY 
perpendiculat ts DK. Now to compare the apparent places ſeen from O and 
C, let us compare the. places ſeen from O and K, and from K and C. Put 
S the h to the radius OC, or ON which is very nearly equal 
to it, on ateount of the ſmallgeſs of the angle CON. Let CO , and CN 
{the fine of CON to that radius) = a, I = tan, of the angle KCN the latitude of 
the place; cheh ral. 1: 7 :£ 0 fag MK hence as 12 the angle under which 
ON (which we may conſiderias' equal to unity) appears when ſeen directly at 
the moon, we have hxta = the angle under which NX would appear; therefore 


kh x 1 F 76 che horizontal parallax of OK; conſidering cheteſore K as the 
center of © ſphere and KO the radius,..compute the parallax, as before. Now 
as the planes of all the circles of declination paſs through P „in eftimating 
ih parallax' either from K or O, the-parallax i in right aſcenſion muſtbe' the ſame, 
becauſe K and O ſie in the plane of the ſame circle of declination; the only 
difference. Thetefore between the effect of parallax at K and O muſt be in dech- 
nation. Now at K, the angular diſtance of the moon from the pole P is LKP, 
and the angular diſtance from C is LCP; the difference of theſe two angles 
therefore, or CLK, is the difference bel 5 the parallax in declination at K 
and at C, and this angle CL is a/ways to. be added ta the polar diſtance ſeen 
from K to get the Polar diftance from C. Nom CLK = hx CY, but the 
angle VOK (= roads is 12 moon's declination, therefore CY= CK x cos. dec. 


— . as LESS. This there. 


fore is the equation of 5 for the ſpheroid, to be applied; to find 
the p in declination {cen from C, after having calculated the effect of 
parallax in declination for a ſphere whoſe center is K and radius KO. There is 


Fi6. no equation for the parallax i in right aſcenſion. To find ho-) this equation in 


declination will affect the latitude, let P be the pole of the equator, p the pole 
of the ecliptic, L the place of the moon ſeen from K, and 6 ſeen from C; then 
bL is the equation in declination; draw La perpendicular to pb, and ba is the 


5 


equation in latitude, and the angle ap l the equation in longitude. Now con- 
1. and ba as the variations of the two ſides Pb, pb, whilſt Pp and the 


angle P remain conſtant, we have BLI: 54 i: fin. Pb x fin. pb : cos. Pp — 
8 cos. Pp — cos. Pb x cos. p „ 
cus. Ph are Aue, Ts L an 5 51+ 2008. — * 
S 'X COS. 55 e ==-2ap 1 28 
40 e ig i 3 N ; | N 98 
r Sni os ds 6 N TI 1 IK 2 An Nie eee 


TO 1151 id Ghes Mavpuir's üg. or Cxacreit's We 6 


Fe 


ZFOY . hkxe8 


oN ern fux, x,” 


kxa + £08.) 202.8 (1.1.08 = ſin. dec. x dane moogy's Totes be 0 CE 


cos. lat» cos. man's lat. 
1+ u, and &, y, = the fine and boſſii of the lätitdde of the place, then 


as 1: 
4 m * xy, as ſhown in the Chapter oil Run Fan Earth; hence ba = 


n 


E. —.— — fin. dec x tan. moon's lat... © The a < becomes + 


2Amx x cos. moon's lat. 
if the declination: and latitude of the in Gon es different affections, chat! is, one 
tuft isthit ſeen from the center 


ſouth and the other north. 10 ſatitudle 
of the earth. This correction "increaſes" the hodnt's Uiſtance from the pole 5 


of the ecliptie. (9 — D 04) 0 $40 
337 167. To find the cotreAioh' of the a E I6ngitude, or the wg L pa, we have 
5 (13) La= Lpa x iin. p. bene Lapaiz £3 but L bL fin, b, 
. Fenton + O43 D's Ie B. p x fin 
3 and by ſpher. trig. fin. Yb . ſin- : ſin Pp: nech e fo, ; alſo LI 
; 4 N chr 4} 4 8 

e eee e | ths. lod, u fin. 23. 28 


S n henceLp San aft 1. * ſin. p. * Tos, dec. (& cos. lat. C 
= (as the cos. of the moon's latitude may be Conſidered Squal to unity) 


fin 23˙. (28 ⁰⁰—⁹ Hrn IT » E © Ji! 2 B 203 TI 0 
a „ cos. lom C. In north latitude, we muſt add this cortec- 


cos. dee: « 


tion. to erer Comp Shred" X. when the moon 18. In the deſcetiding 
8. but 3 it, when in the aft&hAih g ügtis 6, 7, 42 7 1055 . 


3» 4. D 
to Eg gitude ſeen n CG; /and\the contrary E de ot che 
place is ſouth.,_ _. ...; . 

168. According to che Tables * Marzn, the te pardtlax we the peg 
(or when ſhe-is in her perigee and in *oppelition)is-6 EH; a. pithe / least parallax 
(or when in her apogee and conjunction) is 33 5, in the laritade of. Paris the 
arithmetical mean of theſe is 57. 42”; but this is not the parallax at the mean 
diſtance, becauſe the parallax varies inverſely as the diſtance, and tlierefore the 
parallax. at the mean diſtanee is 57. 24”, an harmonic mean between the two. 
M. de LAuBRE recalculated the parallax. from the ſame obſervations from 
which MAYER calculated it, and found it did not exactly agree with Ma vzx's. 
He made the equatorial parallax 57. 11,4. M. de la LAxpE makes it 57. 5 
at the equator, 56. 53%2 at the pole, aad 57. 1“ for the mean radius of * 


earth, ſuppoſing the difference of the equatorial : and polar:diameters to be * 


1 _— 


2h Maw 


*..& ut - - 
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of the whole. From the formula of Mavzs; the equatorial parallax. is = 
4“ with. the following equations, according to M. de la LAxpE. 
57. 


Ftrs, 
31. 
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169. Let arg e de mai major 4 3th man minor, # = the ſine, 
'," mthecofng of the angle OCE; then 55 en E eee 
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ON PARALLAX, 


— — | - — 
Lat. Hor. Par. Lat. | Hor. Par. || Lat. Hor. Par. 
o 100438 31* 100321 61® 100103 
I 100438 32 100314 62 [100097 

2 | 100437 33 100307 63 | 100091 {| 
3 | 100436 34 100300 || 64 10008 5 
| 4 | 100435. 35 100293 65 | 100079 
124 100434 || 36 100286 66 | 100073. 
6 100432 || 37 [-- 200279 67 | 100067 
7 ©} 100430 || 38 | 100272 || 68 | 100062 
8 100428 || 39 100265 || 69 | 100057 
Ks 1004.26 40 | 1002579 || 70 | 1o00g2 | 
| 10 100424 [41 1002 50 71 1000477 
11 100421 || 42 100243 72 | 100042 | 
1 12 100418 [ 43 100235 || 73 | 100038 
113 | 100415 44100227 || 74 100034 | 
14 100412 45 | 100219 75 100030 | 
15 100408 46 100211 [ 76 [100026 
16 100404 47 100203 [( 77 100023 
| 17 100400 [ 48 100195 78 100020 
18 100396 49 100187 79 100017 
19 100391 50 100180 80 100014 
20 100386 || 51 | 100173 81 100012 
1 21 100381 *j| 52 100166 [ 82 100010 
J. 22 | 100376 [ 53 [100159 83 100008 
3 100371 54 | 100152 84 | 100006 
24 | 100365 || 55 | 10014 85 100004 
25 100359 56 10013 86 100003 
26 100353 57 100131 8 I 00002 
27 | 100347 ||| 153 } 100124 || 838 | 100001 | 
28100341 59 100117 || 89 100000 
29 1003335 60 100110 90 100000 
"30. | 100328 | | 
od Pee: Fe 


Hence, by multiplying the polar parallax by the number correſponding to 
any latitude, it gives the horizontal parallax at that latitude. From the 
Theorem, the parallax may be very eaſily calculated for any other ratio of tlie 


diameters of the earth. N | 
170. To find the mean diſtance C's of the moon, we have AC, the mean 


radius (7) of the earth,: Cs, the mean diſtance (D) of the moon from the earth, 
:: fin. 57, 1"=AsC (168) : radius :: 1 : 60,3; conſequently D=60,3r ; 
but r= 3964 miles; hence D=239029 miles. * | | 

171. According to M. de la LAN DE, the horizontal ſemidiameter of the 
moon: it's horizontal parallax for the mean radius (r) of the earth :: 155 
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54. 3775 4, or very nearly as 3: 11; hence the ſemidiameter of the moon is 
ir r N x Ne 1081 miles; and as the magnitudes of ſpherical bodies are 
as the cubes of chen radii, we have the 9 of the moon mw earth 
as 3: 112 1: 49. 1 

172. In the ſpheroid, beſides the n in right aſcenſion and ect nation, 
latitude and longitude, there is alſo a parallax in azimuth, and alſo a correction 


of the parallax in altitude. For the plane which is perpendicular to the ſur- 


face at O, always paſſes through ON, and therefore the azimuth ſeen from O 

5 or N and from C muſt: be different, exce t when the body is on the meridian, 
in which caſe the plane alſo paſſes through C; and the altitude ſeen from N 

muſt alſo be different from that ſeen from . Hence, having compared the 

parallax between O and N in altitude, we ſhall want a correction for the diffe- 


rence between the altitudes and azimuths ſeen from N and C. Let therefore 


Fi6. CN repreſent CN in Ft6. 31. L the moon, 2 plane perpendicular to. the 
33. horizon, and then will NCR be the azimuth ſeen from C; draw VM per- 

| pendicular to CR, 7 ' perpendicular to CL, and LR perpendicular to the 
horizon; and. let m and, n be the ſine and coſine of NCM, r the fine of MCS, 

| a=CN, the ſine of ag in Fis. 31. and c the coſine of LNR, and let d= 
the diſtance of the ; then d= RN, ma=MN. Now the line CO in 
Fi. 31. or unity, at the diſtance 4 appears under an angle 4 when ſeen 


dien; hence 3 1 * 2% che angle NRC e the difference of the 


azimuths ſeen from C * 125 Alſo, as the arc paralle to the horizon be- 

tween any two ſecondaries to it varies (13) as the coſine of the altitude, the 

arc of the difference of the azimuths at the altitude of the moon ma = x 

MN. Now as the plane NAL is perpendicular to CLM, and NM is ex- 

tremely ſmall, the altitudes ſeen from N and M will not ſenſibly differ; hence 

the difference between the altitudes at N and C is the angle CLM=h S 

=hxrxCM=hxrxnx-a. If the moon be to the ſouth of the prime 

vertical, we muſt ſubtract this correction from the altitude at N to get the 
HUI at C; if it be to the north, we mult add the correction. 

173. But the moſt elegant and ſimple method of finding the parallax in 

Jatirade and longitude on a ſpheroid, is the following, given by MareR. 

Fid. The parallax at any place O in the ſpheroid is the ſame as on a ſphere whole 

31. radius is CO, and latitude OCE; ſubtract therefore the angle COK (found 

from the following Table) from the latitude OvE on the ſpheroid, and you 

get the angle OCE the latitude of the point O reduced to a ſphere. Alſo the 

horizontal parallax which is made uſe of muſt be adapted to the radius OC, 

by diminiſhing the equatorial horizontal parallax by a quantity correſponding 

to the ee between CE and CO. This en is alſo found in the 
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ON PARALLAX. 7 


ſame Table. The latitude thus reduced, and the horizontal parallax thus 
found, are to be employed in computing the moon's parallaxes in longitude, 
latitude, right aſcenſion and declination, which will now be performed by the 
Rule (164) founded on the hypotheſis of the earth being a ſphere ; for by 
means of the Table, both the baſe of the parallax and the latitude of the A 


are referred to the earth's enter, J e t 
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Ex. If the latitude on the ſpheroid be 63, and the ok parallax be 


? 


| 56 ) what are the reductions ? 


The reduction of the denten is 115, and of the elevation of the = it 
is 5 5"; hence the reduced latitude is 62%. 59 55 _ the parallax 55. 48",5 
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ON REFRACTION. 


; Art. 174. 8 a ray of light paſſes out of a vacuum into any 
| . medium, or out of any medium into one of greater denſity, 
it is found to deviate from it's rectilinear courſe towards a perpendicular to 
the ſurface of the medium into which it enters. Hence light paſſing out of a 
vacuum into the atmoſphere will, where it enters, be bent towards a radius 
-drawn to the earth's center, the top of the atmoſphere being ſuppoſed to be 
ſpherical and concentric with the centeriof the earth; and as, in approaching 

the earth's ſurface, the denſity of the atmoſphere continually increaſes, the rays 
of light, as they deſcend, are conſtantly entering into a denſer medium, and 
therefore the courſe of the rays will continually deviate from a right line and 
deſcribe a curve; hence, at the ſurface of the earth, the rays of light enter the 

eye of the ſpectator in a different direction from what they would have entered, 

if there had been no atmoſphere; 5 conſequently the apparent place of the 
/ body from which the light comes muſt be different from the true place, Alſo 
the refracted ray muſt move in a plane perpendicular to the ſurface of the 
earth; for conceiving a ray to come in that plane before it is refracted, then 

the attraction being always towards the perpendicular which lies in that plane, 

the ray muſt continue to move in that plane. Hence the refraction is always 

in a vertical cirele. The ancients were not unacquainted with this effect. 

ProLEMY mentions a difference in the riſing and ſetting of the ſtars in different 

ſtates of the at moſphere ; ; he makes however no allowance for it in his compu- 
tations from his obſervations ; this correction therefore muſt be applied, where 

great accuracy is required. ARCHIMEDES obſerved the ſame in water, and 

thought the quantity of refraction was in proportion to the angle of incidence. 
ALHAZEN, an Arabian Optician, in the ſixteenth century, by obſerving the 

diſtance of a circumpolar ſtar from the pole, both above and below, found t them 

8 to be different, and ſuch as ought to ariſe from refraftion: SxELLIUs, who 
firſt obſerved the relation between the angles of incidence and refraction, ſays, 
that WALTHERUS in his computation allowed for refraction; but Tycho was 

the firſt perſon who conſtructed a Table for that purpoſe, which however was 
very incorrect, as he ſuppoſed the refraction at 455 to be nothing. About the 
year 1660, Cass1x1 publiſhed a new Table of refractions, much more correct 
| than 
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on REFRACTION., 


than that of Treo: and ſince his time, Aſtronomers hath employed mack. at- 
tention in conſtructing more correct Tables, che niceties of modern Aſtronomy 
requiring their utmoſt accuracy. We: ſhall treat this ſubject, by firſt ſhowing 
the practical methods by which the quantity of refraction is determined at ſome 


certain altitudes, and then give the inveſtigation of the rules for the variation 
at different altitudes, from” wende Ts; or: ** er ect all altitudes 


may be conſtructed. 15 
" 1173, Firft method.” Take the Aude of tis He ado or a 4 Abet right a. 

cenfion and declination are known, and note the time by the clock; obſerve 
alfo the times of their tranſits over the meridian; then find (92) the hour an- 
gle; hence in the triangle PEx, we know PZ and Px the complements of lati- 
tude and declination; and the angle x PZ, to find the ſide Zx, the complement 
of which is the altitude, the difference anon . and abe obſerved ahitade 


is 5 the reien at _ altitude. 


” %. 


: 


Ex. On My 1, 1548, at PP 20 in che moming, — obſerved the 
altitude of the ſun's center at Paris to be 5. o. 14", and the ſun paſſed the 


"tneridian at 124. O. O, to find the refraction, the latitude being 48*. 50“, 10“, 
and the declination was 15*.'6'; 25 The fun's diſtance. from the meridian 


was 64. 40, which gives 100 for 240 hour angle PZ; alſo PZ = 41˙. 9. 50” 


and Pr = 74*: 590 357 hence Zx = 8. 100. 87, conſequently the true altitude 
Was 4 40 "$2" . Now Now to 5 Oo. 145 the apparent altitude, add g for the pa- 
Tallax, and we have 5. O. 23 for the apparent altitude corrected for parallax ; 


hence *. O. 23 4%. 49“ n 2 10. we” won Wee. at the apparent alti- 


7 2 


1 1e 


176. Send . e Take the 80 and-leaſt altitude af u circumpolar 
ſtar which paſſes through, or very near, the zenith, when it paſſes the meridian 
above the pole; then the AAS being nothing in the zenith, we ſhall have 

the true diſtance of the ſtar from the pole at that obſervation, the altitude of 
the pole abòve the horizon being previouſly determined; but when the ſtar 
paſſes the meridian under the pole, we ſhall have it's diſtance affected by refrac- 
tion, and the difference of the two obſerved diſtances above and below the bom 


gives the refration at the br altitude _ the pale, 


ELLIOT Bala e 2 N 0 


: 7 
42 


e BON CATI obſerved at Paris a e wake. the did — 
6“ of the Zenith, and conſequently at the diſtance of 41%. 4 from the pole; 
hence it muſt Pals the meridian under the pole at the ſame diſtance, ot at the 
altitude 75. 463 but the obſerved altitude at that time was 7. 52. 25"; hence 


the refraction was 6“ 2 5 at that apparent allitude. 
| 176. M. 
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ON REFRACTION. 


177. Third method. M. de la CAIL Lx alſo employed fer; made at 
Paris and at the Cape of Good Hope; in order to aſcertain the refraction. The 
method he made uſe of was this. The diſtance of the parallels of Faris and the 


Cape was found to be about 82% 46 the half of which is 4% 23“; therefore ä 
a ſtar vertical to a parallel in the middle between Paris and the Cape, muſt 


be at the zenith diſtance of 412.123" from each. Now Ae: ſam of the. apparent 
zenith diſtances of ſuch a ſtar was found to be 82*. 44. $46”, which therefore 
is the diſtance of the two ran diminiſhed by the ſum of the two refractions 
at the zenith diſtance 417. 237, for refraction elevating a ſtar, muſt. make the 
apparent zenith diſtance of each ſtar leſs than the true diſtance. Next, the 


apparent altitude of the pole at the Cape was obſerved to be 33˙. 560. 49 als 


and the altitude at Paris to be: 48% 52% 2% 5, the ſum of theſe two apparent 
altitudes is 82. 491. 16% the diſtance of the parallels increaſed by the 
ſum of the two refractions correſponding to the altitude of each pole, The 
difference of theſe two determinations 1s . 30% 6 for the ſum of the four re- 
fractions. © Now taking the refraction to be as the tangent, of the zenith diſ- 


tance, he found tlie tangents of 41. 230, and of the complement of the altitudes | 
of the two poles, and divided 4. 30”,6 into four parts in the ratio of thele tan- 


gents, making the refraction a fortiedh part leſs at. the Cape than at Paris, as he 
had oblerved it; hence he got 1. 36% for the refraction at the altitude 33. 


56 49 „at the Cape, and 58“ 2 at the altitude 48. 52 27555 at Paris; alſo 
57 „2 for the refraction at the zenith diſtance 47% 230 at the Cape; and 58%7 


for the refraction at the zenith diſtance 417%. 23“ at Paris. The. altitudes — 


venitli diſtances correctedꝰ by theſe refractions give 82%, 46". 42 for the true 


diſtance of the parallels of Paris and the Cape. 


178. Having determined the refraction at the altitude 48*. 52. 27 5 5 at Pa- 
ris, he calculated the refractions from that altitude up to the zenith, upon ſup- 
; poſition that they were as the tangents of the zenith diſtances, and hence he 
knew tlie refractions at theſe altitudes at the Cape. Therefore, by taking ; the 
" meridian altitudes of ftars from 7 t0/48% At: Paris, and the correſponding 1 meri- 
dian altitudes at the Cape, and correcting theſe latter for refraction, he got the 
refraction from 7 to 48% at Paris; for the ſum of the two true zenith diſtances 
was 82. 46, 42 therefore knowing the true zenith diſtance at the Cape, the 


true zenith diſtance at Paris was known, the difference between which and the 
apparent zenith diſtance was the refraction. Thus M. de la CariLLz formed his 


Table of refractions. His method was very ingenious; but from more accurate 


obſervations ſince. his time; it appears; that his refractions are a little too great. 


This Dr. Mask ETTxNRchas- clearly ſhown in the Phil. Tranf. 1787. By com- 
paring; the ſum. of the two apparent zenith diſtances of ſtars obſerved at a low 
e at Paris, and conlequiently at-an, high altitude at the Cape, and at an 


* high 


N HR 
— * ö 
— r . . do TSS * — 
SED - * AY F » k<> « a \ "I, - : Rs . I «, 
. N of 3 ( Mgr Toe 8 #" », 0 0 1 
; WAIT DIRTY OO, Free. AR S225. nl 
* — 4 — — > Is = Oo So en ns, 5+ r 5 hs = N N 
on, _—_ 6s. * * 2 = . : a 
N * 9 * OY . 8 N *. . x 44 
my _ "_ N 932 . _ No 1 
We * * a * os 


7 4 > rr FEC A ͤ K E1ë.. x . FOI Nr 
re Dok n = 7 _ 5, % 8 % * 9 Abo. — r 4 Sa SS Le 
n ASAT». ky x 


8 bw a 
—_ — 
— 3 
— 
3 
— X 
hate Vn.) = 


2 
8 
2 


I 
— 


— $7: Da 
wo * 
— 8 — 
N r bo 3 d 
. EE 


28 . ag OI 8 * 
* 2 — "4 2 
> NW * 
SE. ws . a rr 2 of 4a =- 
3 r ad, > 
Q 5 n — 
6 yout Ws "x FT _ 
leo ad A ENS . 
= _<_ 3 IE, 2-4 
a 


3 \ 
- = > 1 


N : 

> © OI 
44, "4 oF: 3 OI 5 
n . 


$7: 
3 


1 
* 
1 
& 
3 
- 


IF 
TS. 
os 

3 
"RAS 
4 PR 
8 
81 
* 


S 
3 = 3 " 
” 9 $ — * * vr > __ = I "© wan 7 8 2 _ - 3 
3 = 2. et GEN „ OS: EEC r n 
ES — — Cs I ee OE NE tt W * 
A 2 Ag Tn LONG Ds 8 . — e K 
© + ANI > Ba . © 
20%, hs N 
. La 
* 
" 


> tn, r 3 — —_ 3 N 
= > 2 a e 2 I y 
ho. os ES 3 * SE et ery EIS ny, oe IO wy * : 
cs - = - 4 % > wn 4 , —_ * — . 9 
8 R —— n 3 > > 33 2 1 . %" 
wn 5 * * 3 
a 8 


= " *. * 
3 JJ) 
— \ - * 
"I > : 


r 


— EY n 
a 2 8 - 
r 


. 
> SS.” x 5 2 * py 2 4 \ 
*.- 4 _we DO 2 — . Is n 8 2 3 WR 
Eg - Es Xs bo % = WA Ha? Ger . 2 8 28 4 < 
P * 5 wY . eas # , . 1 1 
— "IE. & __ N 2 


Sag 
x3; 


a 


= 4 222 
SE * 
JI 2 
— 8 5 
- on 5 
12 2 
2 
— 9 o 
— 7 


N. * A's e 8 
8 SR 
> * - x 
SET. ot Shs 
** r Ip RY 11 2 
r 
8 2 
* 92 * 
. ee ® 12 
. * —— 


- ORG — — — — — * 
” O— — 
1 ; L —— — — 


—— U— „ 0 


— a 


22 and: x the. reſpective refractions; 5 and & the 'apparent meridian zenith diſ- 


4 as the diſtanee of the pole from the zenith is equal to half the ſum of the N 


ON REFRACTION. 79 


Biz h altitude at Paris, and therefore at a low altitude at the Cape, he foot” 
155 refraction at the Cape to be a fortieth part leſs than at Paris: : f 


179. Fourth method, . Boscoviett propoſes to find the refraction by the « cir- 


cl polar ſtars, only: by knowing it's variation at different altitudes. Let a and 
be the apparent meridian zenith diſtances:of a ſtar below and above the pole, 


tances of another ſtar below and above the pole, z and 2 the correſponding 
refractions; then the true diſtance wilt be a+x, 4 Te, and b+z, A2; and 


reateſt and leaſt true zenith diſtances, a +x+4+ x=b+2+b+2; hence * 1 


175 * xz I SUT REA=2. Nou taking, at firſt, the refractions to 
be as the tangent of the zenith diſtances, we have tan. 4: tan. 4 :: & * = 


x tan. 5 „ x tan. & 1 ubſtirute de nn. 


x tan. 4 | — 
5 — T3 
a for the ſame reaſon 2 = 8 TT” 
ee D 1 
pk we et =— 
to the equation 4 ), id get x= tan. 4 ＋ tan. 4 — tan. * tan. 7 ; Hewes | 


the other refractions are known... But as the refractions vary more accurately 


as the tangent « of the zenith diſtance diminiſhed by three times the refraction, 


put = 3 * , 4 35% n, 5 33 =n, 5 — 35 , and we have x = 


b+86—a=- a x tan. m p 
Ext 2 —— the” — 3 at the 
| Tan. vn fan. 1 tan. . . ä eee app _ akirude 
x tan. xx tan. x x tan. £7 
a: ; hence we know &. — , 22 — and S he 4 
4 tan. „ U tah. n T ore | 


8 may be ſhortened, by taking 3x, 3x, 32, 32 from the common Tables. 
As a+x, 4 +, are the true zenith diſtances of one of the ſtars below and 
above the pole, the true zenith diſtance of the pole will be one half of 
* + 4%, which is the complement of the latitude of the place, 


Ex. T be apparent W 1 of n | Dracois below an above the pals 


was obſerved to be 6g". 5” 2',4 and 13*. 8. 27 2; and of 8 Urſe minoris 535. 
2. 57,2 and 29. 11“. 23",2; to find the correſponding refractions, and the 


lagtade of the Ae ; 
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| : = 60˙. 5. 274 | tan. FE N * Ol = $2 Se 15 Dr TEN ONE 3 F 
41213, B.27,2 |, tat. =0,233 | ; 
„ „ e e pls eee, 2849 2, 8% 25616 =138';2 
5 >"2v n \ wp a wr | | = 52, 807 * 0,33 = 12% 3 
———— = 1,329 [* S2 52, 80% xXx 329 = 70, 2 
> * | , — 5 5 7 
4 +d 2 32. 13. 29» 6 'n 5 e TE 52 "OY 10 295 5 
b+3=82.14-20,4 | | 


tan. 1 = 2, 6009 
tan. = 0,2 333 33 


tan. 2 1 
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| £ = 0,9495 


% & 4 2.8 
| wits $4 44 ET "I: . 
tan. ” 88.888 — 
| 1,8847 | 
| — 38— 


#FF ot 63 4 & # 4 


— 
1 

— 
* 


— = = 53505 255 of * ho , 2 233 * $767 * 
e . 16. 1.3 


"x 8848 8858 7493 2 
ITY 305; wes oof 12, 5 * 


2 


avian Rind ien at zenith dil. 


01 „ 


* * 
4 * bo * * * m F 5 * * 
9 b 4 W & 4 


1. | of Place 


41. 5 56 | 


- . ro . — 7 „ 
90. 0. 0 
. . Y 


— A—..4 


48. 51. 59, 4. 


"6905. 2,4 is 139%; at” ze- 
bi ee gc 5 


We may 185 
1 


— 


che correct re 
in like manner. 


Sa SS 144 


8 * * * 15 * 


— — 2 * 0 


On, 7 My Kay = NT Pen . us in "the PILL. 75 ranſ. 1785 
that Dr. BRA DLE found his refractions in the following manner. He obſerved 
the pole ſtar, and other eireumpolar ſtars, above and below the pole, and from 
thence deduced the apparent zenith diſtance of the Pole. By the apparent and 
equal zenith diſtanees of the fun at the two equinoxes, having at the ſame time 
oppoſite right aſcenſions, as found by comparing (11 8) it's obſerved tranſits over 
the Imeridiaty with thoſe of fixedftars; he found the apparent zenith-diſtauceiof 
the equator; which diminiſhed by parallax and added to the apparent zenith 
diſtanee of the pole, gave a ſuim leſs than o by the ſum of the two 
belonging to the pole and meridian altitude of the equater x. Now he ob- 
ſerved, that the difference of the refractions at theſe altitudes came out within 
2” or 3”, from the beſt Tables then extant, whether deduced ſolely from obſer- 
vations, or partly from obſervation and partly from theory. Hence, knowing 
the ſum and difference of the refractions, he knew the refraction at each alti- 


two refractionis 


* ws the ſum of the two 55 zenith nn 2 9%; is the true diſtance of each is di- 


miniſhed by refraction, and therefore the ſum (after the correction for parallax) muſt be leſs than 
go® by the ſum of the two refractions. 


tude. 


— 
% 


b MF 


ON REPRACTION- | l 


rude. He aſterwards more accurately divided the ſum of the two refrattions, 
by taking the parts in proportion to the tangents of the zenith diſtances. The 
apparent zenith diftance of the equator, by the mean of 20 obſervations in 4 J 
—— 3946-47 he found to be 51. 27. 28”; and the mean apparent zenith diſtance | : 
= 1 of che pole, by obſervations made between 175052, was 38*. 30. 3 57; the 17 1 ll 
1 ſum of which being 89“. 58. 3” the ſum of the two refraftions i is 1%. 57; conſe- 
_ quently the polar refraction is 45, and the equatorial r*. 113"; therefore the lati · 

tude of Greenwich Obſervatory is 510. 28. 39%. Dr. Bzaviar here ſuppoſed: } 

the fun's horizontal parallax to be 104"; but Dr. Masxz1YNe obſerves, that 

had he talen it 82”, as determined from the two laſt tranfits of Venus over 

the ſun, the refraction at 457; which he fixed at 57”, would have come out 562”, 

and the latitude of the obſervatory 5x*. 28. 40%. Dr. Bx Abr EV having Let 

ſettled the refraction at the altitude of the equator and pole, could calculate 

the refraction at all higher altitudes, or for all ſtars between the equator and 

pole, by taking it as the tangent of the zenith diftances, which would be very 
accurate for all fuck altitudes: | Hence by taking the altitudes of the circum- 

polar ſtars above and below the pole, and knowing the refraction above, nge 

immediately got the refraction at the lower altitudes; for knowing the refrac- 

as at the altitude above the pole, he knew the true altitude above, and know- 

og the altitude of the pole he got the true diſtance of the ſtar from the pole, 

which ſubtracted from the altitude of the pole, gave the true altitude below, the 

difference between which and the apparent altitude was the refraction. When 

the weight and temperature of the air remains the ſame, the Dr. found that the 

refraction varied as the tangent of the zenith diſtance diminiſhed by three times 

the refraction found by the common Rule; and having fixed the refraction at 
45 (whoſe tangent, if radius = 1, is unity) to be 57", if r the refraction in 

the ee uo z S the apparent zenith diſtance, he got this proportion, r : 

57" 1: tan. 2— 37 : 1.“ And by comparing the refractions in different tempe- 

tures of the air, and at different altitudes of the barometer, he inferred the fol- 

lowing elegant Rule for determining the refraction at all altitudes: Put a = the 
altitude of the eee in inches, r the altitude of FAHREN RHEIT's ther- 


„ The 3 of this Rule to find the refraQion at all altitudes i is hes Lot the apparent 
zenith diſtance be æ, then the reffaction wil will be nearly 57“ x tan. z, which put y; and the correct 
mean refraction will be 57” x tan. z — z— 37. If at Fat very low altitudes it ſhould be required to have 
the refraction more correctly, put 57" X tan. E—3r=r", and the refration becomes 55” x tan: 
* — 37. Let the refraction at the apparent zenith diſtance 70% be required. The tangent of 700 


is 2.7475 hence 87 X 2,747 = 2. 36”",6, which marked by 3 and ſubtracted from 70® gives 690. 
52. 100 the tangent of which is 2,728; therefore 57 7 * 2,738 = 2 385 the mean refraction at 
the apparent zenith diſtance 70. In this manner Table XIII. was calculated. * 5 


. | 
x L — * mometer, 


hence, by ſimilar triangles, Cv : Cm : 
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mometer, then the 1 true refradtion 7 4 1 tan. 2 2 — Ir: : {gee The, 
very near agreement of this Rule with, that given by MAvzR, and their agree - 
ment with obſervations, are a ſtrong confirmation of the accuracy of each. 
This correction for the barometer and thermometer may be immediately found 
from Table XIV. — The Inſtrument invented by Mr. RamsDen, called a Cir- 
cular Inflrument (for a deſcription of which ſee my Treatiſe on Practical Aftro- 
nomy), is admirably calculated to determine the quantity of refraction at all al- 
tirudes; for by taking the altitude and azimuth of a body whoſe declination is 
known, the true altitude may be immediately computed from the latitude' of 
the place, declination of the body, and obſerved azimuth ; hence the difference 


between the obſerved and computed altitudes gives the refraction at that appa- 


rent altitude. Having thus explained the practical methods of finding the re- 
refraction, we proceed next to give the Inveſtigations of the Rules which We: 


have had occaſion to make uſe of. 

181. Let AC be the angle of incidence, Cm the ngks of tefraftion, and 
cobalt mCn the quantity of refraction; let 47 be the tangent of Am, 
mv it's fine, aw the fine of An, and draw rm Parallel to vo; then as the re- 
fraction in air is very ſmall, we may conſider mrn as a rectilinear triangle, and 


run: mn e, but Cm is conſtant, 


and as the ratio of mv to n is colfinne by * laws of refraction, their diffe- 


m xm 
rence 7 muſt vary as mv; hence mn varies as Er but AT= _ whi ch va · 
11447 * r 


ries as 2 | becauſe Cm is conſtant ; hence the refradtion ; „un varies as A 8 the 


tangent of the apparent zenith diſtance of the tar,” becauſe the angle of refrac- | 


tion ACm is the angle between the refracted ray and the perpendicular to the 
ſurface of the medium, which perpendicular is directed to the zenith. Whilſt 
therefore the refraction is very ſmall, ſo that mn may be conſidered as a recti- 
linear triangle, this Rule will be ſufficiently accurate; otherwiſe we muſt uſe 
Dr. BRADLEx's Rule, the demonſtration of which is given by Boscovicn in 
his Works, Vol. II. but one of the principles, that the force with which the ray 
is attracted in paſſing through the air may be confidered as uniform, is taken 
from Mr. SitmpsoN's Solution in his Mathematical Differtations. We ſhall 
therefore firſt give his reaſons for this ſuppoſition. 1 . 
182. After conſtructing his Table of refraction, he obſerves, that the only 
material objection which it is liable to is, it's being founded upon ſup- 
poſition, that the denſity of the air decreaſes uniformly, which appears contrary 
to en, whereby it is proved, that the denſity of the air decreaſes as the 


com- 


* 


n TREES = + 81 nm . 2 
R . 8 — J 92 N 
TTW TELLS oh ol : 
1 n ET da wt 2 nn 8 
e ls” We . «I ms 5 P 1 F b- 
= A < 


ho 
INS 8 2 3 Tg x 
8 r We > %. . 
S 1 ka, . _ 22 : n 4 bal 
5 : 5 5 3 6 hs a 
Lia in * e 4 2 > a 
WN \ kg 
* 


2 e 2 1 
5 lp -+ b x00 1 - I Nene 
S 
- : mts. A&I a I 
vgs Ee rt en CR 


ap . 
F 8 x 
WY 


4 
1 I 
"AY 3 
. * bh 
— * KOI 5 of * 
rr 4 9 ** 
Les, 8 SITS 2 1 1 2 * . 3 N % 2 
22 * bv >, N <a 8 
ah * TIES WS 7 1 2 n 425 EO * 
ccc 
r 2 =": rags 


2 EN » 
5 
n 
( 


11 Y : 2 


* 
erer. ve 
F Ke Sh S . 
ER an on ent Porn 5 a 
-_ * = - * $ 
L * 


r 
4. /,f FT 


. 8. . | 
k ap 1 "0 FIR * 
3 n 2 . 
Dp Es La 22 = 
_- % * 


- ON, REFRACTION. 


compreſing force decreaſes; But though this is true in air of the ſame tempe- 
rature, yet it cannot be ſuppoſed to hold true in the earth's atmoſphere, ſince 


the upper region thereof is known to be much colder, and conſequently the elaſ⸗ 
ticity there is much leſs than at the earth's ſurface: But a convincing proof that 
this law of denſity cannot obtain in our atmoſphere is, that the mean horizon- 
tal refraction computed from it, according to the known refractive power 
d ſpecific gravity of the air, will be found to come out no leſs than 52, 
bich is greater by about ; of a degree than it ought to be, it being only 3373 
whereas, if the ſame refraction be calculated upon the hypotheſis of the denſity 
decreaſing uniformly, and compared with obſervations, the difference will be 
much leſs. This latter hypotheſis will therefore beſt correſpond to the ſtate of 
our atmoſphere. 
183. Let us therefore ſuppoſe the ec hen to be divided into an infinite 
number of lamina concentric with the center of the earth, and of an equal 


f thickneſs, chen the denfity of theſe lamina is ſuppoſed to decreaſe uniformly, 
| for the reaſons above given, and therefore the difference of the denſities is con · 


' lane But when a ray of light paſſes out of one medium into another, it is 
attacted by a force which depends on the difference of their denſities, and there- 


fore when the difference is conſtant the force is conſtant. Hence a ray of light 
deſcending through the atmoſphere may be ſuppoſed to be attracted by it in a 
direction perpendicular to the ſurface of the earth by a conſtant force. 


184. Let C be the center of the earth, AM it's ſurface, Z F the top of the 


atmoſphere, FA the paſſage of the ray; draw the tangents SFH, IAG cutting 
each other in J, and let CH, CG be drawn perpendicular to them, and AL pa- 


rallel to CF. Now the ſtate of the atmoſphere remaining the ſame, the 


ſine of incidence is to the fine of refraction for each lamina in a given ratio, 
therefore by compoſition, the fine of incidence CFH at F is to the fine of re- 
fraction CAG at G in a given ratio, Hence if radius = r, 2 = and = will be 
theſe reſpective ſines; but the velocities at F and A are as CG to CH, which 


aſſume as 1 to 1+5; and if MF = „ CM 4 2 _ I 3 cit 


— gene £= — angle 040, 50 then I: N 10 ſin. 4 ſin. 222 m x fin. a. 
Let x S angle 40 F, r = angle GTIH of refraction. In the quadrilateral figurg 


CAF, the angle ACF + IFC= = the ſum of the external angles GIH CA, 
becauſe F IA + CA added to each would make the ſum equal to four right 
— 1 ; hence IFC or CFH = CA G— ACF GIH, that is, m x fin. 4 = fin. 


4 A r : therefore 1: i :: fin. a : fin. a-; but whe 216d trigonometry, 


I. 2 | . - the 


FIG. 


6 en aA rron. 
the ſum of the fines of two angles : their difference : 2: ten. of half the fam-of 


the angles: tan. of half their difference ; hence 14m»: 2 AA m :: 0g. GOEEST 


: tan. 4:77, and as this atio is conftant, the ate e oer. F . the cans 


zr; but as'tlic-difference between # and r-muſt be very fall, the tangent 
of br may be confidered as equal to the angle i itſelf 2.7 F; alſo a is the 
apparent zenith diſtance; hence the angle 2. 27 varies as the rangent of the 
apparent zenith-diftance- diminiſhed by z. T. | Tftherefore | the ratio of x to 7 
de conſtant, then & r, and conſequently r itſelf, will vary as the tangent of the 
zenith diſtance diminiſhed. by ſome multiple of x; for if dr =x, then x Y 
dr =r =d=1 xr; let therefore I+m;I—m: tan. a—Z ur : tan. T, and 
then the refraction 1 varies as tan. 4E Ax. On this ſuppoſition = = K 
un, or x uf. That x is to r in a conſtant ratio may be thus proved. 
1888. Let. us conceive AF to be an [indefinitely {mall part of che whole 
x curve, taken any where, and AL (which is drawn parallel to. FC) is the 
ſagitta of the curve. Put v =the velocity: through FA. I r the time, 2 = CF, 
2 = FM, x = the angle FCA, the angle G MH. f = the force in the direc-- 
tion FC. Now from the principles of Mechanics, AF = of, and the ſagitta 
IAS =ft*; hence the tangent 47 (which 1 AF) = zur; alſo, as the 
arc varies as the angle multiplied into the radius, AM= 28. and the fine of 
Aller CPL ==; but 4%: Al . fi. ALF: fin. All., that is, vf 
ie 2 =: fin. f or 55 hence g= 2 af Now if we conſider the. 'elacaty 
and Aiſtance from the center as having but a very ſmall variation, and f to be 
conſtant (18g), we may conſider 5 as conſtant; and conſequently / varies as x, 


therefore 7 varies as æ when A is * Hence (184) r varies as the tan. 4 — ur. 
186. Becauſe 14 : 1m t tan. 4A ur: tan. 2 zr: by trig.) fin. 4 + 
fin. 2 -r: fin, 4 ſin. a—: aur, hence mx fin. 4 ſin. ur =(by trig.) ſin. 
| & cos. LI ur * cos. 4 = (becauſe: vn being a very ſmall arc it's cos. 
ii, and the fine = arc very nearly) fin. a—fin. a * 2 1˙ 
ur x cos. a, and by dividing by fin. @ we have m=1 —t ur x cot. 4. Now 
let 4 be any other apparent zenith diftance, and the refraction, then, for the 
fame reaſon, m=1—$#**—xr x cot. 4ñ make theſe values of m equal, and we 
get 2 # — 2 2 DI - Now ow by. Dr. BRADLEY'S: obſervations, if a: 
=60%,r 1. 38 4; and if 4=,90%, r= 33% hence 42 2 2,9963 he therefore 
aſſumes 12 3; the refraction therefore varies as the tang. ff that is, the 


N 


= 1 — =. page = = RP __ = \ 3 —_— = l „r = _ OED 3＋— — ——_ 
e ²˙e¼ͤ YT I = Ci ——— — — — - 
— — — — 8 5 — — — — 1 — * — --- . — eg _ — — — — — on — 
— = 2 - ” ; 8 pr nn T 2 y - 
1 2 * 8 3 — — = * 2 — — 2 — — _ py — — — — be — * 


— D——— 9 


on. REFRAGTION Fs 


| nn 1 of the ,apparent ac Aiftance diminiſhed by three 
tines rie ccm, SER M makes # f 56. 5 CASSINI S 6,452 and Boucytk 
2 6 645 But Dr. Bx ADLEV's value is moſt to be d ed upon, as beſt 
agreeing. with obſarvations, which we ſball therefore follow. 
— q89: Becauſe ma 1-4 1%r* ur x cot. a, therefore, as f 12 ** is very ſmall in 
 relpeſt 40. the other terms, # u X cot. a, bence 1 cot. 4. For 
the horizontal refraction, a o, r= 33; therefore * 1A cos. ur;. 
hence if 1 G, We have 1 Gries: J. 18 209983. Hence alſo (184) 
K rer br, according, to Nr..BRADLEY, therefore, x r, or the angle 
which che refracted ay ſubtends at che aner, 1 che earth = 7.1 times $ the refenc-- - 


tion. r 
188. Join CI, and let the angle Ad. 0 C's or 702 — 45, H 


ga +7, and their fines are as che perpendiculars CG, GH, which are in- in- 
verſcly.as ithe weloeities at A and E, or 98 1 1 +3 hence 1 4 x fp. 
= ſin. 4. we + += fin. 4 - Os. 7. + 40. 7 W C05. 2—9 (becauſe y being very 
ſmall it's cos, =, n ie fie chm. 2— x cos. a, hence 1 +4 


21 +rx* cot. = and b cot.:a—y.'\ But if we make 4 approach to 


go, „y will be very {mall-when -compared with a, therefore 4'= r x cot. a. 17 
a = 60*, then r = 1'. 38",4 according to Dr. BxApLEVY; hence & r x cot. 4 


-=fin. r cot. 2.0,00027.55 ; therefore the ſine. Of Aiden out of a vacuum 

into ait at. the mean denſity at the earth's Luriace, is to the, ſine of refraction as 
1, 00255 : 1. Mr. FlavixsBsE makes it 45 13.099264. 7 1 by experiment. 
As Br & cot. a, therefore 164 cape mant * N the laſt Article, 


12 | ea rang 
hence b = N ; : \ 


189. Having debermined the elde of 1 m, we SES: the equation: 


C 


Ie 22 
parts of i the ris reins = — 7752 5 miles, the altitude above the earth's ſurface 


at which the air begins to have any ſenſible effect on the rays of light to refrack: 


them. 
190. Fhe refrastion varies as the tan. 2 35 at. any altitude above the-earth's: 


farface or the proof remains the ſame for whatever part of the curve you take ö 
from the top of che atmoſphere. ' Hence we may find the refraction at any al- 


titude,-by: making e denote it's diſtance from the top of the atmoſphere for by 
the laſt Article == 4 — (by diviſion, and: negledting all the: powers of e 


6e — 
above the firft on account of their fmallneſs) 1 == (1 87 Rege 67; hence 
£55 $4 | Fel Fan e TN £90) Bb O7-*; 2 N A+; 


l the. 


15 ; +S- 32 5 Tn 
1+) —m, the value ofe=—— (as 22 e 2 501942 | 


86 on AERACT ION. 
the cos. . of 6r bein Known; 67, ar and confeqdently v itſelf, che horizontal re. 
fraction in this caſe, will be r hence the refraction at den alti 
. B ae; 0 07 5 ei b radar 3 — 


191. As (686) fk. 4 fl a ang 60 b. menu, put pr 
the complement of a, — open 1 then cos. 9 X cos. p = 


m x ſin. 4 = fin, a —br = eg 90*—p—br = cos. p+ or, 


hence p+ br. cherefore / 1=2, This expreſſion. is accommodated to find 


the _refrattion' below the horizon, when the” dbſerver is elevated above -it, by 
making p negative. Hence the fefraction below the horizon increaſes very faſt, 
* being expreſſed by the ſum of 5. and . {SHY OI 


A . 
JAIT 554 | 9: > 1 77 


192. In the horizon, cos. 6r=1— 57 67" therefore = = 1 cos. . Pr. : yer, fin. 


* 


8 57 = 1 8 * by the property 6 of the cle; ; conſequently the horizontal refridtion 
| 7 Väries as the quare root of e. Hence if k be the altitude of the atmoſphere, 
we know the horizontal refraction at any altitude i- e above. the horizon, for 
it will be to the horizontal refraction-on the earth's. ſurface. as e: NI. The 

horizontal refraction —— A the ien at ad other altitude 

will be known. | 

Fic. 193. Hence, upon the Aus! principles.» we . 85 A a iy 3 of 

36. finding the radius of curvature to the curve which the ray deſcribes. Let AF 

| be an indefinitely ſmall part of the curve adjacent to A the ſurface of the earth, 

and conceive A2 to be x circle-of curvature, O it's center, and OK perpendi- 

cular to AY, which therefore muſt biſect AY. Then the angle ATE = = #FOA 

=2FVA=FKA; but (187) JAIE = FCA, therefore 5 FKA = FCA, hence 

AK = 7 AC the radius of the earth, and therefore is a conſtant. quantity for all 
angles IAE. Hence the center of the circle of curvature i is always in the line 


2K... By trig. AO : AK :: | rad. NY : ; fin. 4OK or Lak, hence 40 = = A 
. and as 40 is RE the radius of curvature vaties inverſely as 


the ſine of the apparent Zenith diſtance. Hence for horizontal refractions, the 

radius of curvature is equal to 7 times the radius of the earth. This agrees 
with the conclufions deduced: by J. H. LAMERI in his very elegant Treatiſe 
entitled, Les Proprietes remarguables de. la Ronte de la Lumigre par les Airs, which 
he has applied with ſo. much ſucceſs to / POS and which \ we 
ſhall now proceed to conſider. 8 


494. Ane MF to be any object, and FA, Ae curve ; deſcribed by a ray of 
iſtance we may ſuppoſe FA to , 
7 , be 


T3 C A by 
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Ox ABFRACTION, 


be circular. Let a m = = ſin. FAE „Abe 5 FF 1s kyown. , Now the effect 


of refraction i in altering the. apparent altitude is the ac e AI and the 
chord drawn to the arc FA; for the latter. is the direction in which F would be 


ſeen if there were no refraction, and the former if ſeen by , but this 
angle hetworgh the chord and tangent muſt be. equal, to + og 7765 but FA 


4 4 


— 4M 2 ant _ 
* and 40 , hence the refrftion = ggf of the Shao 


ACM, Hence any police & fituared in the Ihe MF, Ea We at 4 bed the ſame 


refraction, for it is independent of che altitude MF ; ; conſequently any object 


ſituated in a line perpendicular to the earth will not have it's apparent length 
altered by refraction, becauſe each end will appear equally elevated by it. 
Hence alſo the terreſtrial refraction varies as the diſtance IMA. If therefore 
MF be a mountain, and. we want to find the altitude from the given diſtance 
AM, and the apparent angle of elevation MA I, we : muſt — correct this an- 


a. 


gl by ſubtrafting from 1 it bY, of ACM. | 4s 21 10 oi nam of 
195. Hence we may. readily find the diſtance at hich 26 an ob Kitt of a given 


altitude whoſe top is depreſſed below the horizon, may be ſeen by refraction. 


For take AK = iA, and with the center K deſcribe the circle Ar, and the 
point 7 will be ſeen by refraction; draw SrvC, and Av is the diſtance at which 
an object vr is viſible ; draw alſo the tangent Ax. Now the angles ACv, AKr 
being very ſmall, and the arcs Au, Ar very nearly equal, Ir: 0: : AC: AK:: 


— 


ag hence UF. : SU; :6: 75 therefore 5 — E but 34 b the WO WP of 
che earth being unity ; therefore Sy = 7, contquendy Av = UE 5 


— 11 2. Waun che diſtance at : which.: an a object can be ſeen v varies as "ay 


ſquare 1850 of it's altitude. 
196. If yw be perpendicular to the ſurface of the earth and equal to vr, the 


object vr can be ſeen at y without refratioh ; but yw or vr = 33 , henes Ay 
2 NH u 2 vr, therefore the diſtance at which an object can be ſeen by refraction : 


diſtance at which 5 it auld be Gab without retraction :: * ed K r 7 


BY Be? 
W 3, 


, which is nearly as 14: 13. 
197. An eye at r ſees A in the direction of the tangent at 7, WE therefore 


5 en below the horizon at Y by the angle formed: by the two tangents to 


and 


97 


n E FRET! on, 


* 


18 N 


5712 


rand v, or r by the angle ck. Now ( 1959 Av, or the angle AC, = = 


and Kr er (i "LF 60 f Ku. rCKor C fig. CrK:: len acchunt of the fall 
neſz of theſe le C artes * Cn the depreſſion of the 


Solnt/4f below this Abrizon. Hencs the gehen below the horizon vari as 
the ſquare root of the altitude. 

198. Conf the arcs Av, Ay us egaal on account of the imallneſs of the 
angle ACyv, che ſagittas gu, zr will be inyerſdly as the radii ; hence 5y : 5r-:: 7 
21; therefore! , rv: 35 63 Te and . the Point 4 7 appears to be ele- 


vated. oy quad pul to 1 bn bates =, hee, (=? 


H 4 Easter che refraftion remains nearly the fame for an objefts near 


the horizon, this correction muſt be mae i calculating the altitudes of ach 
objects from the apparent angles of denten. Al the above numbers are for 
the mean tate of the air. WON 10, -=-.35 1 
199. Hence, we may find the akitude 1 ur "of a 7 at 1, ys . che 
pr inflant when it ceaſes to be enlig ightened by the ſun; for at. that time calculate 
+. depreſſion of the ſun below the horizon, and from it ſubtract the horizontal 
rreeſtaction and you will have the true depreſſion below the horizon, or the angle 
between ls = a tangent to v, or the angle Mv; hence we know Av and con- 
— ſequently vr. This  fuppoles chat the ray coming to the cloud i is tangent 4 to 
* furface of the ſea, or to an horizontal plane at land. 
Fic. | 200. Let SB be a ray of light falling on the atmoſphere at B and refrated 
38. in the curve BAE touching the earth at 4, and emerging in the direction EF, 
mating DC parallel to 53 in F; to find CF. As Cv is a perpendicular upon the 
incident ray, and CA upon the refracted ray, they will be as the fine of incidence 
to the ſine of reſraction out of a vacuum into air of the ſame denſity as that at 
the earth's ſurface, or as 1, 002755: 1; hence put =I, ooo2 55S Cv Cr, n 
= the angle, CF7 =F5x=rCv=, 2 ACv, or twice the horizontal refraction, and 
CF = Cox coſec. n= (if u = 66") 53,1 radii of the earth. If the direction of 
the ray of light he not parallel to DC but to 40%/½, and the angle dCD en 
= x, then the angle rCf = 1+ and Cf x colee, . 

201. I the line dC be ſuppoſed to join the centers of the fun bd =s And 
che ray SB to come from the limib of the fun, C will be the lengtli of the total 
ſhadow of the earth; as all the umbra beyond F will, have ſome rays of the ſun 
by refraction. Now, let * = 16% the fur? 8. ſemidiameter, and i x coſec. 


B's = 41594 eiciurcters ofthe exrth, hich being very little more than £ 5 2 of 


the 


LF 18 Lf a. We! 


ON REFRACTION, 


the diſtance of the moon, it appears that in a total eclipſe of the moon, ſome: 


rays from the ſun muſt fall upon it, which is the cauſe of it's being viſible in 


that ſituat ion. 
202. Having thus fully explained the principles of refraction, and the me- 


thods of conſtructing the Tables for the mean refraction, it will be proper to 
give ſome account of the variations to which the air is ſubject, from a change 


of temperature and denſity, ſor which proper corrections are given, except 


when the obſervations are very near to the horizon, where changes frequently 
take place which cannot be altogether accounted for, and for which therefore 


no correction can be applied; they probably anſe from exhalations of various, 


kinds which are ſuddenly raiſed and ſuſpended in the air near to the earth's 
ſurface, the cauſes of which do not ſenſibly affect the barometer and thermome- 


ter. Hence all obſervations made very near to the horizon muſt be ſubje& to 
a very conſiderable degree of uncertainty, and therefore Aſtronomers never uſe 


them when great accuracy 1s required. 


203. Tycho, when he conſtructed his Table of refraction, knew that it was 


ſubje& to variation; but Cassin1 and Picard were the firſt who meaſured 


accurately the change. Pic ARD found, from the meridian altitudes of the ſun, 


that the refraction was greater in winter than in ſummer ; he obſerved alſo, that 


it was greater in the night than in the day. And from obſerving the horizontal 


refraction of the upper limb of the ſun when it firſt appeared in the horizon, 
and then that of the lower limb, he found that in the time in which the ſun 


was riſing, the refraction was diminiſhed 25”. BovucvER obſerved in ee | 
that the refractions in the night were greater than in the day, by about = Z Or - = 


Dr. NzrrTizron meaſured the altitude of an hill in a clear day; and repeating 
the obſervations in a cloudy day when the air was ſomewhat groſs and heavy, 
he found the angle conſiderably greater. He alſo obſerved that the altitudes of 
ſome of the hills which he meaſured appeared greater in the morning before 
ſun riſe and late in the evening, than at noon in a clear day. At the time of 
the great froſt at Paris in 1 740, MoxxIER obſerved, when the thermometer 
was 10 below the freezing point, that at the apparent altitude 3. 44% the re- 
fraction was 11. 15”; but when the mercury ſtood at 24 above the freezing 
point, the refraction at the ſame altitude was found to be only 97. 20”; hence 
there was a difference of 1*. 55” for 369. of the thermometer. The deter 


was at 28 inches. From theſe differences of refractions in ſummer and winter, 


in the day and night, it might be conjectured that the refractions would be 
greater towards the north, where it is colder. But the French Academicians 
in the year 1737, at Tornea on the borders of Lapland, where they were 


ſent to meaſure a baſe in order to determine the length of a degree of latitude, 


M £ found 
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ON REFRACTION, 
found that the refractions agreed with thoſe at Paris. M. de la Car TR how- 
ever found that the refractions at the Cape of Good Hope were about = leſs 


than at Paris; from which ſmall difference he concluded that a Table of refrac- 
tions might be conſtructed which would anſwer very accurately for every part 
of the temperate zone. In the torrid zone M. Bovevesr found the horizontal 
refraction to be 277; at 6* high, 7. 4 and at 45* high, 44“. Admitting there- 
fore the refraction to be leſs in climates warmer than at Paris, we may con- 
clade that it muſt be greater in thoſe which are colder, and that it was from 
want of a ſufficient number of obſervations, or from their i inaccuracy, chat the 
Academicians | in Lapland did not find it ſo. 


204. The refraction being thus found to vary in different ſtates of the air, 
the next enquiry is, what allowance muſt be made for any variation of the 
temperature and weight of the air, from any ſtandard which we may make the 
mean. Dr. BRADLEY made 29, 6 inches the mean ſtandard: for the barometer; 
and as Mr. Hauxs BEE had determined from experiment that the refraction 
was in proportion to the denſity of the air, it muſt alſo be as the altitude of the 
mercury in the barometer. Now in the mean ſtate of the air, that is, when 
the barometer is at 29,6 inches, and FAHREXRHEIT's thermometer at 50?, the 
refraction (180) : 57” :: tan. Z 37: 1; hence at any altitude (a) of the mer- 
cury, the refraction: 57” :: a * tan. 2 37: 29,6. The refraction, thus: cor- 
rected for the variation of the weight of the air, agrees very well with obſervations. 
The next thing to be done is, to find how the retraction varies in . 


temperatures. M. de la Car LLE found that the refraction was diminiſhed = 
part from an increaſe of 10* in the altitude of the mercury in the en. 
of REAuAun. Mar ER obſerved that the refraction varied about — — Part for 


105 of variation. M. Bonner made ſome experiments 1n order to a the 
variation of refraction ariſing from that of the temperature; calling the refrac- 
tion unity for the altitude 10 of the OR he found the refraction to be 


0,92 at the altitude 30, or diminiſhed = for a variation of 10%; and at 8 be- 


low o' he found the refraction to be 1,085 or 78075 for a variation of 109. 
1 7 . 


The mean of theſe differ but very little from the determination of 
MarkR. The obſervations, upon which Dr. BRADLEV formed his rate of va- 
nation, have never been publiſhed. He uſed FAHREN HEI T's thermometer, and 
fixed the mean temperature at 50˙ and if 4* be any other altitude, he found 

that 


. on REFRACTION, 93 
8 3 | i | 3 ; . ; E N 1 IP + 35 0. 
1 that the refraction varied in the ratio of 400“: % + 350%, or 1: 8 1 
I | f Hence, allowing for 1 varlation of temperature and weight, he found, the true 
3 5 27438 
8 : :: — Xx tan. 2 zy: —. And this agrees very accu- 
7 refraction : 57" = — tan. 2— 3 750 wh, ry 
1 rately with che Rule deduced by MAYER. 
7 Fr 205. When the ſun is in the horizon, the rays in paſſing very obliquely through 


the atmoſphere are ſo far ſeparated, that M. Bovever, in a Work entitled 
x Trait d'Optique ſur la Gradation de Ia Lumiere, has concluded from experiment, 
| = 4 that the intenſity of light is 1354 times leſs than when the ſun is in the zenith. 
1 7 | M. de MA1RAN thinks that the weakneſs of the ſun's rays in the former caſe is 
1 principally to be attributed to the quantity of vapours with which the lower 
parts of the atmoſphere are always filled. 
206. It is owing to the atmoſphere that we have any twilight i in the morn- 
ing and evening, which ariſes both from refraction and reflection of the ſun's rays. 
It may be explained thus. Let AB be the ſurface: of the earth, Sm a ray of F16. 
light coming from the ſun, and beginning to be refracted at m; let it de- 39: 
ſcribe the curve Bn touching the earth at B, and at u let it be reflected into 
the curve 14, touching the earth at A, the place of the ſpectator ; in this poſi- 
tion therefore of the ſun, the twilight juſt appears; draw the tangents Aux, 
mz, Bo, and join vuC. Then AO (the radius of curyature to the arc An) = 
AC (193), conſidering An as a circle; from which it will differ but very little. 
Now ſuppoſe twilight to begin when the ſun is 18 below the horizon, that be- 
ing about the quantity found by computing the ſun's depreſſion from the 
obſerved time at which the twilight begins ; it varies however in different ſea- 
ſons ; hence the angle z = 16253 but the difference between the angle z and 
the angle BVA is the refraction through , or 33'; therefore the angle AvB = 
162%. 33, and AvC = 8“. 167, conſequently ACv = 8*. 43%, and hence 
C0 = 1710 . 167; alſo On: Oc :: 7: 6; hence OA = 7. Oc=6 :: fin. 200 
= 171*.” 1647: ſin. CuO = 7e. 287, therefore uOC = 19. 15%; hence fin. CO 
: fin. 10 C :: On=7 : CN 1, or, from which take Cx = 1, and we have ny 
= 0,01 = 39,64 miles. But (189) the ray begins to be refracted at the alti- 
tude of 77,25 miles; hence the reflection takes place at about half the alti- 
tude at which the 1 begins. This is upon ſuppoſition that the rays 
come to the ſpectator after one reflection. If we ſuppoſe them to come after 
2, 3 or 4 reflections, the altitudes nx will be about 12, 5,4 and 3 miles reſpec- 
tively, and the denſities of the air 10,75, 2, 9 and 1,8 ff, than at the earth's ſur- 
face. Which of theſe is moſt probable, may admit of tome doubt. That air at 
the altitude of 39,64 miles, where it is 2700 leſs denſe than at the earth's ſurface, 
ſhould have the power of reflecting rays ſo copiouſly, is almoſt incredible. And | . 
Mz why > 
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why ſhould that particular denſity reflect, when it is not the boundary of the 
atmoſphere, it having been ſhown that light is refracted at twice that altitude? 
It appears more probable that the reflection ariſes from the vapours and ex- 
halations of various kinds with which the lower parts of the atmoſphere are 
charged ; for the twilight laſts till the ſun is further below the horizon in the 
evening, than it is in the morning when it begins; and it is longer in ſummer 
than in winter. Now in the former caſe, the heat of the day has raiſed the va- 


pours and exhalations; and in the latter, they will be more elevated from the 


heat of the ſeaſon ; therefore, upon ſuppoſition that the reflection is made by 


them, the twilight ought to be longer in the evening than in the morning, and 


Deu in ſummer than in winter. 

207. Another effect of refraction is that of giving the ſun and moon an oval 
appearance, by the refraction of the lower limb being greater than that of the 
upper, whereby the vertical diameter is diminiſhed. For ſuppoſe the diameter 
of the ſun to be 32”, and the lower limb to touch. the horizon, then the mean 
ney v. at that limb is 33', but the altitude of the upper limb being then 327, 

t's refraction is only 28“. 6”, the difference of which is 4. 54”, the quantity by 
which the vertical diameter appears ſhorter than that parallel to the horizon. 
When the body is not very near the horizon, the refraction diminiſhing nearly 
uniformly, the figure of the body is very nearly that of an ellipſe. Now it is 
proved in that article where the diminution of weight of a body upon the ſur- 
face of a ſpheroid is inveſtigated, . that the diameter (D) of an ellipſe, which is 
nearly a circle, is diminiſhed, in going from the major to the minor axis, as the 
{quare of the fine (c) of the angle which it makes with the major axis; hence if 
d = the diminution of the vertical diameter, rad.* : 32 :: q: the diminution of 


the diameter D. Thus we may find the diameter in any poſition; and in 


caſes where extreme accuracy is required, ſuch as meaſuring with a micrometer 
the diftance of Venus or Mercury on the ſun's diſc from it's limb, this circum- 
ſtance may be confidered. 
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ON THE SYSTEM Or THE WORLD» 


Art. 199 WW EN any effect or phænomenon is diſcovered by experi- 


ment or obſervation, it is the buſineſs of Philoſophy to in- 


veſtigate it's cauſe. But there are very few, if any, enquiries of this kind, 


where we can be led from the cauſe to the effect by a train of mathematical 


reaſoning, ſo as to pronounce with certainty upon the cauſe. Sir I. NExwrox 
therefore, in his PRINc1P1A, before he treats on the Syſtem of the World, has 


laid down the following Rules to direct us in our reſearches into the conſtitution 


of the univerſe. 


RLE I. No more cauſes are to be admitted than what are ſufficient to 


explain the phenomenon. 


RLE II. Of effects of the ſame kind, the ſame caules are to be 1 


as far as it can be done. 
RuLE III. Thoſe qualities kr as are. found in all bodies upon which ex- 


periments can be made, and which can neither be increaſed nor diminiſhed, 


may be looked upon as belonging to all bodies. 


RuLe IV. 
nomena by induction, are to be admitted as accurately or nearly true, until 


{ome reaſon appears to the contrary. 


The principles, upon which the application of theſe Rules is admitted, are, 


the ſuppoſition that the operations of nature are performed in the moſt ſimple 


manner, and regulated by general laws. 
in many caſes, be very unſatisfactory, yet in the inſtances to which we ſhall 


here want to apply them, their force is little inferior to that of direct demon- 


In Experimental Philoſophy, propoſitions collected from phæ- 


And although their application may, 


K 


ſtration, and the mind reſts equally ſatisfied as if the matter could be trick 


proved. 


209. The diurnal motion of all the heavenly bodies may be accounted for, 


either by ſuppoſing the earth to be at reſt, and all the bodies daily to perform 


their revolutions in circles parallel to each other; or by ſuppoſing the earth to 
revolve about one of it's diameters as an axis, and the bodies themſelves to be 
fixed, in which caſe their apparent diurnal motions would be the ſame. If we 


ſuppoſe 
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ſuppoſe the earth to be at reſt, all the fixed ſtars muſt make a complete revolu- 
tion, in parallel circles, every day. But it will be ſhown 1n a ſuture part of this 
Work, that the neareſt of .the fixed ſtars cannot be leſs than 400000 times 
further from us than the fun is, and that the ſun's diſtance from the earth is 


not leſs than 93 millions of miles. Alſo from the diſcoveries which are every 


day making by the- improvement of teleſcopes, it appears that the heavens 
are filled with an almoſt infinite number of ſtars, to which the number 
viſible to the naked eye bears no proportion, and whoſe diſtances are, probably, 
incomparably greater than what we have ſtated above. But that an almoſt 
infinite number of bodies, moſt of them inviſible except by the beſt teleſcopes, 
at almoſt infinite diſtances from us and from each other, ſhould have their mo- 
tions fo exactly adjuſted, as to revolve in the ſame time, and in parallel circles, 
and all this without their having any central body, which is a phyfical impoſſi- 
bility, is an hypotheſis, which, by the Rules we have here laid down, is not to 
be admitted, when we conſider, that all the phænomena may be ſolved ſimply 
by the rotation of the earth about one of it's diameters. If therefore we had 
no other reaſon, we might reſt ſatisfied that the apparent diurnal motions of 
the heavenly bodies are produced by the earth's rotation. But we have 
other reaſons for this ſuppoſition. Experiments prove that all the parts of the 
earth have a gravitation towards each other. Such a body therefore, the great- 


eſt part of whoſe ſurface is a fluid, muſt, from the equal gravitation of it's parts, 


form itſelf into a perfect ſphere. But it appears from menſuration, that the 


TY 


it's polar diameter. Now if we ſuppoſe the earth to reyolye, the parts moſt diſ- 


tant from the axis muſt, from their greater velocity, have a greater tendency to 


fly off, and therefore that diameter which is perpendicular to the axis muſt be in- 
creaſed. That this muſt be the conſequence appears from taking an iron hoop 


and making it revolve ſwiftly about one of it's diameters, and that diameter will 


be diminiſhed and the diameter perpendicular to it increaſed, The figure of 
the earth muſt therefore have ariſen from it's rotation, which is further con- 
firmed from the following conſideration. There can be but one diameter about 
which the earth can revolve, which can ſolve all the phænomena of the appa- 
rent revolution of the heavenly bodies; for if the diameter about which the earth 
is ſuppoſed to revolve were changed, it would change the ſituation of all the 
bodies in reſpe& to the horizon and zenith; now hat diameter about which 
the earth muſt revolve, in order to fatisfy all the phenomena, is the diameter 


which, from menſuration, is found to be the ſhorteit. Another reaſon for the 


earth's rotation is from analogy. The planets are opaque and ſpherical bodies 
like to our earth ; now all the planets, on which ſufficient obſervations have 
been made to determine the matter, are found to revolve about an axis, and 
the equatorial diameters of ſome of them are viſibly greater than their polar. 
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- Whempheſe;reaſons; all upqn, efferent. principles, are, conſidered, they amount _ 


to a proof of the earth's rotation about it's axis, which is as Racer to the 
as the, maſt. direct demonſtration could be. Theſe hawever-are not all 


the progs which might be offered; the situations and ee * badies in 


our ſyltem neceſſarily require this motion of, che earth. . EA 
210. Beſides , this apparent .diurnal motion, the fag: moon, . planets 


have another motion; for they are obſerved to make a complete revolution 
amongſt. the fixed ſtars, in different periods. | But whilſt they are perform- 
ing theſe motions in reſpect to the fixed ſtars, they do not always appear to 
move in the ſame direction, or in that direction in which their complete revo- 
lutions are made, but ſometimes appear ſtationary, and ſometimes. to move 


in a contrary direction. We will here briefly deſcribe and conſider the 


different ſyſtems which have been invented, in order to ſolve theſe appearances. 


Prerzur ſuppoſed the earth. to be perfectly at reſt, and all the other bodies, 


that i is, the ſun, moon, planets, comets and fixed ſtars, to revolve about it 


every day; but that, beſides this diurnal motion, the ſun, moon, planets and 
comets had a motion in reſpect to the fixed ſtars, and were ſituated, in reſpect 


to the earth, in the following order; the Moon, Mercury, Venus, the Sun, 


Mars, Jupiter, Saturn. Theſe revolutions he firſt ſuppoſed to be made in circles 
about the earth placed a little out of · the center, in order to account for ſome 
irregularities of their motions; but as their retrograde motions and ſtationary 

appearances could not thus be ſolved, he ſuppoſed them to revolve in epicycloids, 
in the following manner. Let AB C be a circle, ;S the center, E the earth, 
abed another circle whoſe center v is in the circumference of the circle ABC. 
Conceive the circumference of the circle ABC to be carried round the 


earth every 24 hours according to the order of the letters, and at the ſame 


time let the genter v of the gircle ab ed have a ſlow motion in the oppoſite di- 
reCtion, and let a body revolve in, this circle,i in the direction abcd; then it is 


manifeſt, that by the, motion, of the hody in this circle and the motion of the 


Circle itſelf, the hody may deſeribe, ſuch a curve as is repreſented. by k/mnop ; 
and if we, draw: the tangents El, En, the hody would appear ſtationary at the 


Points Land m, and it's motion would be retrograde through Im, and then direct 


again. Now to make Venus and Mercury always accompany the Sun, the 
center Y of the circle abcd was ſuppoſed to be always very nearly in a right line 
_ between; the earth and ſun, but more nearly ſo for Venus than for Mercury, 
in order to give each it's proper elongation. This ſyſtem, although it 


will account for all the apparent motions of the bodies, yet it will, not 
ſolve the phaſes of Venus and Mercury; for in this caſe, in both conjunctions 


with the ſun they ought to appear dark bodies, and to loſe their light both ways 


from their greateſt; elongations 3 !whereas it appears from obſervation, that in 
M1 Yr: 1] one 
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one of their conjun®tions hey ſhine Nun a full face. This ſyſtem therefore 


2 


4 0 8 | 


211. The Hſtem received by the E ppi Was s this: The Earth is 9 
able in the center, about which revolve, in order, the Moon 1 „Sün, Mars, 
Jupiter and Saturn; and about the Sun revolve Mercury and Venus. This 
diſpoſition will account for the phaſes of Mercury and an but not rr the 
apparent motions of Mars, Jupiter and Saturn. 

212. The hext ſyſtem which we ſhall mention, though Lofteriot in time to 
the true, or Copernican Mem, as it is uſually called, is that of Tycho Bs AHE, 
a Poliſh Nobleman. He was pleaſed with the Copernican ſyſtem, as ſolving all 
the appearances in the moſt ſimple manner; but conceiving, from taking the 
literal meaning of ſome paſſages in Scripture, that it was neceſſary to ſuppoſe 
che earth to be abſolutely at reſt, he altered the ſyſtem, but kept as near to it 
as poſſible. And he further objected to the earth's motion, becauſe it did not, 
as he conceived, affect the motion of comets obſerved in oppoſition, as it ought; 
" whereas; if he had made obſervations on ſome of them, he would have found 
that their motions could not otherwiſe have been accounted for. In his ſyſtem, 
the earth is placed immoveable in the center of the orbits of the ſun and moon, 
without any rotation about an axis; but he made the ſun the center of the 
orbits of the other planets, which therefore revolved with the ſun about the 
earth. By this ſyſtem, the different motions and phaſes of the planets may be 
ſolved, the latter of which could not be, by th Ptolemaic ſyſtem; and he 
was not obliged to retain the epicyeloids i in order to account for their retrograde 
motions and ftationary appearances. One obvious objection to this tem" i is, 
the want of that ſimplicity hy which all the apparent motions may be ſolved, 
and the neceſſity that all the heavenly bodies ſhould revolve about the eartli 
every day; alſo, it is phyſi cally impoſlible that a large body, as the ſun; ſhould 
revolve about a much ſmaller body; as the earth; at reſt; if one body be much 


larger than another; tlie center about which they! revolve muſt be very near to 


the large body; this will be proved when ue come to the principles Of phyfcal 
Aſtronomy. And this argument holds alſo againſt the Ptolemaic ſyſtem. 
It appears alſo from obſervation, that the plane in which the ſun muſt, upon 
this ſuppoſition, diurnally move, paſſes through the earth only twice in 
a year. It cannot therefore be arly force in the earth which can retain the 
ſun in it's orbit, for it would move in a ſpiral ebntinually changing it's plane. 
In ſhort, the complex manner in which all the motions are accounted for; and 
the phyſical impoſſibility of ſuch motions being performed, is a ſufficient reaſon 


for rejecting this ſyſtem; eſpecially when we conſider, in how ſimple a manner 
all theſe motions may be accounted for, and demonſtrated from the common 


Principles of motion. Some as Treno' s followers ſeeing the abſurdity of ſup- 
poſing, 
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poſing all the heavenly bodies daily to revolve about the earth, gave a rotatory 
motion to the earth, in order to account for their diurnal motion; and this was 


called the Semi-Tychonic Syſtem; but the objections to this ſyſtem are, otherwiſe, 


| juſt the ſame. 


213. The ſyſtem which is now univerſally received is called the Copernican. 
It was formerly taught by PYTHAaGoRAs, who lived about 500 years before J. C. 
and PLILOLAüs, his diſciple, maintained the ſame ; but it was afterwards re- 
jected, till revived by Cor ERN Ius. Here the Sun is placed in the center of 
the Syſtem, about which the other bodies revolve in the following order ; Mer- 
cury, Venus, the Earth, Mars, Jupiter, Saturn, and the Georgian Planet, 
which was lately diſcovered by Dr. HERScRHEL; beyond which, at immenſe 
diſtances, are placed the fixed ſtars; the moon revolves about the earth, and 
the earth revolves about an axis. This diſpoſition, and theſe motions of the 
bodies, ſolve, in the moſt ſimple manner, not only all the phaſes, and the direct 
and retrograde motions, but alſo every other irregularity belonging to them, 
and which motions may alſo be accounted for upon phyſical principles. We 
may alſo further obſerve, that the ſuppoſition of the earth's motion is neceſſary, 
in order to acccunt for a ſmall apparent motion which every fixed ſtar is found, 
to have, and which cannot otherwiſe be accounted for. The harmony of the 
whole will be as ſatisfactory a proof of the truth of this Syſtem, as the moſt 
direct demonſtration could be; this Syſtem therefore we ſhall aſſume. 
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ON KEPLER'S DISCOVERIES. 


Art. 214. EPLER was the firſt who Abcovered the figures of the orbits 

ORR of the planets to be ellipſes, having the ſun in one of the foci. 
Prol ux ſuppoſed that the orbits of the planets were circles, having the earth, 
not in the center C, but at ſome other point S; and taking CB = CS, he ſup- 


poſed that they revolved with an uniform angular velocity about B, called the 


Punctum equantis. This was his ſuppoſition to account for the equation of the 
planet's orbit, or the f inequality of it's motion; but it was ſup- 
ported neither by obſervation or demonſtration. Tyco altered this hypo- 


theſis, by placing B at a different diſtance from C, by which he found his com- 
putations would agree with his obſervations within a few minutes. Notwith- 


ſtanding which, KEILER ſuſpected the hypotheſis could not be true; for, from 
the goodneſs of Tycno's obſervations, he believed that there could not have 


been ſo great a difference between the computations and obſervations, if it were 


But in reſpect to the orbit of the ſun, or rather of the earth, the ancients, 
and alſo Tycxo, believed the motion was equable about the center C. 
From the equation of the orbit, Tycxo computed the excentricity SB, which 
taken from AS gave a quantity BA different from the radius AC at firſt ſup- 
poſed ; whence he concluded that the ſun was not always at the fame diſtance 


from C. This induced KEPLER* to ſuſpect that the center was not the point 


about which the motion was equal, but that it biſected the excentricity. To 
determine this point he proceeded thus. 

215. Let B be the point about which the motion is equable, & the ſun, 
take BC=SC, and let D and E the places of the earth when the planet Mars 
is at the ſame point M of it's orbit. On May 18, 1585, and January 22, 
1591, he took the two places of Mars, found from obſervation, and by calcu- 
lation reduced it's places to May 30, and January 20, in the ſame reſpective 
years, at which times the longitude of Mars ſeen from B, as calculated by 
Tycho, was 6'. 13%. 28', and therefore he knew that Mars was in the ſame point 
of it's orbit; and the angles MBD, MBE were each 64. 23:'. Now the lon- 


gitudes of Mars on May 30, and January 20, were, by obſervation, 5*. 6*. 37 


7 


* See his Work, De motibus Stell Martis. | 
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ON KEPLER'S DISCOVERIES. 


and * 21. 34, the differences between which and 6. 13*. 287, the heliocentric 
longitude before calculated. are 36˙. 51 and 38%, 6 for the angles BMD, 

BME; conſequently BD is lefs than BE, and therefore B is not the center of 
the circle. KzyL8R next calculated the value of BC and found it to be 
1837, AC being 100000. Now Trcno had found from his obſervations, that 
the whole diſtance BS from the ſun to the center of equality was 3584, there- 
fore it's half was 1792, which being ſo nearly equal to 1837, KeeLER immedi- 


ately concluded that C biſected the excentricity. | 
216. Having found that the center of the earth's orbit biſected the excentri- 


city, he proceeded to examine the ſame in the orbit of Mars, in the following 
manner. Let $ be the ſun, C the center of the circle, B the point about which 
the motion is equable ; and let D, E, F, G be 4 places of Mars obſerved in 
oppoſition ; he then propoſed the following Problem. To find the angles 
FBA, FSA ſuch, that the four points D, E, F, G may be in the circumference 
of the circle, and C in the center between B and S. He reſolved this by aſ- 
ſuming the diſtance SB and the angles FBA, FSA, and thence calcu- 
lated all the other parts, to find whether all the angles formed about S were to- 
gether equal to four right ones. He made 70 ſuppoſitions before he got one 
to agree with obſervation, the calculation of every one of which was extremely 
long and tedious : Si te hujus laborioſæ methodi pertæ ſum fuerit, jure mei te miſe- 
reat, qui eam ad minimum ſeptuagies tvi cum plurima temporis jactura, et mirari defi- 
nes hunc quintum jam annum abire, ex quo Martem aggreſſus ſum, quamvis annus 1603 
pene totus opticis inquiſitionibus fuit traductus; pag. 95. Having thus determined 
the excentricity of the orbit of Mars, he calculated 12 oppoſitions obſerved by 
Tycho, none of which differed more than 17 47”; but he found that the hy- 
potheſis agreed neither with the latitude obſerved in oppoſition, nor with the 
longitude out of oppoſition, which differed ſometimes 87 from obſervation. 
The circle which ſo well repreſented the 12 oppoſitions had it's excentricity S 
= 18564, but he found SC = 11332 and CB = 7232, the mean diſtance of 


the earth from the ſun being 100000. From the want of agreement between 


the obſerved and computed latitudes in oppoſition, and the longitudes out of op- 
poſition, and from SB not being hiſected in C, KEILER was perſuaded that the 
orbit of Mars was not a circle. He therefore computed, in the following man- 
ner, three diſtances of Mars from the ſun, with the correſponding heliocentric 
longitudes, by which he could determine both the figure and magnitude of 
it's orbit. 

217. Let S be the ſun, M Mars, D, E, two places of the earth when Mars 
was in the ſame point M of it's orbit? When the earth was at D, he obſerved 
the difference between the longitudes of the ſun and Mars, or the angle MDS; 
in hke manner he obſerved the angle MES. Now the places D, E of the 

N 2 earth 
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earth in it's orbit being known, the diſtances DS, ES and the angle DSE will 
be known; hence in the triangle DSE, we know DS, SE, and the angle DSE, 
to find DE and the angles SDE, SED; hence we know the angles MDE, | 
MED; therefore in the triangle MDE, we know DE, and the angles MDE, 
MED, to find MD; and laſtly, in the triangle MDS, we-know MD, DS, and 
the angle MDS, to find MS, the diſtance of Mars from the ſun. He alſo 
found the angle MS D, the difference of the heliocentric longitudes of Mars and 
the earth. By this method, KEILER, from obſervations made on Mars when in 
aphelion and perihelion (for he had determined the poſition of the line of the 
apſides, by a method which we ſhall afterwards explain, independent of the 
form of the orbit), determined the former diſtance from the ſun to be 166780, 
and the latter 138500, the mean diſtance of the earth from the ſun being 
100000 ; hence the mean diſtance of Mars was 1 52640 and the excentricity of 1 
it's orbit 14140. He then determined, in like manner, three other diſtances, 8 
and found them to be 147750, 163100, 166255. He next calculated the 
ſame three diſtances, upon ſuppoſition that the orbit was a circle, and found 
them to be 148539, 163883, 166605; the errors therefore of the circular hypo- 
theſis were 789, 783, 350. But he had too good an opinion of Ty cHO's ob- 
ſervations to ſuppoſe that theſe differences might ariſe from their inaccuracy ; 
and as the diſtance between the aphelion and perihelion was too great, upon 
{uppoſition that the orbit was a circle, he knew that the form of the orbit muſt 
be an oval; Itaque plane hoc eff : Orbita planete non eft circulus, ſed ingrediens ad 
latera utraque paulatim, iterumque ad circuli amplitudinem in perigæo exiens, cujuſmodi 
feuram itineris ovalem appellitant, pag. 213: And as of all ovals the ellipſe ap- 
peared to be the moſt ſimple, he firſt ſuppoſed the orbit to be an ellipſe, and 
Rkiced'the ſun in one of the foci; and upon calculating the above obſerved diſ- 
tances, he found they agreed together. He did the ſame for other points of the 
orbit, and found*that they all agreed; and thus he pronounced the orbit of 
Mars to be an ellipſe, having the ſun in one of it's foci. Having determined 
this for the orbit of Mars, he conjectured the fame to be true far. all the other 
planets, and upon trial he found it to be fo. Hence he concluded, That the fix 
primary Planets revolye about the Sun in ellipſes, having the San i in one of the faci : 
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A TABLE of the relative mean diſtances of the Planets from the Sun, 
according t to different Authors. 91 


1 


Planets KEPLER | STREET |[HALLEY M.dela Lane Log. Dift. | 


—— 


Mercury 38806 38710 38710 38710, 9,5878221 


Venus 72413 72333 72333 72333524 8898379 | 


— — | — —— — T — a j — F , 
Earth + 100000 | 100000, | 100000 | 100000 o, ooo 1. 


| Mars 152349, 152369 152369 152369,27  0,1828973 F 


jupiter 520000 520110 2000 520279, , 162364 


” 4 f 


| Saturn |951003,5] 953800 954997 95400, 4 | 0,9795813 


— 


The relative mean diſtance of the Georgian Planet from the ſun is 1918352, 
according to M. de la PLACE. 

The logarithms are here put down upon ſuppoſition that hs « mean diſtance 
of the earth from the ſun is unity, this being the caſe in all Aſtronomical Ta- 


bles. T he mean diſtances are nearly as 4, 7, 10, 15, 52, 95, 192. 


at 


218. tlic thus diſcovered the relative mean diſtances of the planets from 
the ſun, and knowing their periodic times, he next endeavoured to find if there 
was any relation between them, having had a ſtrong paſſion for finding analo- 
gies in nature. He ſaw that the more diſtant a planet was from the ſun the 
ſlower it moved, fo that on a double account the periodic times of the more 
diſtant planets would be increaſed. Saturn, for example, is 9 = times further 
from the ſun than the earth is, and the circle deſcribed by Saturn is fo much 
greater in proportion; and as the earth revolves in 1 year, if their velocities. 
were equal, the periodic time of Saturn would be 9 x years; whereas it's periodic 
time is near 30 years. The periodic times therefore of the planets increaſe in a 
greater ratio than their diſtances, but in a leſs ratio than the ſquares of their diſ- 
tances ; for upon that ſuppoſition the periochc time of Saturn would be about 
go f years. On March 8, 1618, he began to compare the powers of theſe 
quantities, and at that time he took the ſquares of the periodic times and com- 
pared them with the cubes of the mean diſtances, but, from ſome error in the 
calculation, they did not agree. But on May 1 5, having made the laſt compu- 
tations again, he diſcovered his error, and found an exact agreement between 

them. 
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them. Thus he diſcovered the famous Law, That the ſquares of the periodic 
times of all the planets are as the cubes of their mean diſtances } from the ſun. Sir. I. 
NEgwrTon afterivards proved that this is a neceſſary conſequence of the motion of 
a body in an ellipſe about the focus. Prin. Phil. Lib. I. Sec. 2. Pr. 15. 

219. KEPLER alſo diſcovered from obſervation, that the yelocities of the 
planets, when 1 in their apſides, are inverſely as their diſtances from the ſun; 
whence it followed, that they deſcribe, in theſe points, equal areas about 
the ſun in equal times. And although he could not prove, from obſervation, 
that the ſame was true in every point of the orbit, yet he had no doubt but 
that it was fo. He therefore applied this principle to find the equation of the 
orbit (as will be explained in the next Chapter), and finding that his calcula- 
tions agreed with obſervations, he concluded it was true in general, That 
the planets deſcribe about the ſun equal areas in equal times. This diſcovery was, 
perhaps, the foundation of the PrISc1PLa, as it probably might ſuggeſt to Sir 
I. Newron the idea, that the propoſition was true in general, which he after- 


wards proved it to be. Theſe important diſcoveries are-the n of all 


OI 
. He alſo ſpeaks of Gravity as a power which is mutual 3 all bo- 


des; ; MA tells us, that the earth and moon would move towards each other, 
and meet at a point as much nearer to the earth than the moon, as the earth is 
greater than the moon, if their motions did not hinder it. He further adds, 
that the tides ariſe from the gravity of the waters towards the moon. That the 
reader may have a better conception of his 1deas on this ſubject, I ſhall here 
give his own Words. 

Vera doctrina de gravitate his innititur axiomatibus. 

Omnis ſubſtantia corporea, quatenus corporea, apta nata eſt quieſcere omni 
loco, in quo ſolitaria ponitur, extra orbem virtutis cognati corporis. 

Gravitas eſt affectio corporea, mutua inter cognata corpora ad unitionem 
ſeu conjunctionem (quo rerum ordine eſt et facultas magnetica) ut multo magis 
terra trahat lapidem, quain lapis petit terram. 

Gravia (ſi maximè terram in centro mundi mn) non feruntur ad cen- 
trum mundi, ut ad centrum mundi, fed ut ad centrum rotundi cognati corpo- 
ris, telluris ſcilicet. Itaque ubicunque collocetur ſeu quocunque tranſportetur 
tellus facultate ſua animali, lemper ad illam feruntur gravia. 

Si terra non eſſet rotunda, gravia non undiquaque ferrentur recta ad medium 
terræ punctum, ſed ferrentur ad puncta diverſa à lateribus diverſis. 

Si duo lapides in aliquo loco mundi collocarentur propinqui invicem, extra 
orbem virtutis tertii cognati corporis; illi lapides ad fimilitudinem duorum 
magneticorum corporum coirent loco intermedio, quihbet accedens ad alterum 


tanto intervallo, quanta eſt alterius moles in comparatione. 
y | Si 
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Si luna et terra non retinerentur vi animali, aut alia aliqua æquipollenti, quæ- 
libet in ſuo circuitu; terra aſcenderet ad lunam quinquageſimà quartà parte in- 
tervalli, luna deſcenderet ad terram quinquaginta tribus circiter partibus inter- 


yalli: ibique jungerentur: poſito tamen, quod ſubſtantia utriuſque ſit unius et 


ejuſdem denſitatis. 
Si terra ceſſaret attrahere ad ſe aquas ſuns; aquæ marinæ omnes cleyarentur, 


et in corpus lunæ influerent. 
Orbis virtutis tractoriæ, quæ eſt in lunä, porrigitur uſque ad terras, et pro- 


lectat aquas ſub zonam torridam, quippe in occurſum ſuum quacunque in ver- 
ticem loci incidit, inſenſibiliter in maribus Incluſis, ſenſibiliter ibi ubi ſunt latiſ- 


ſimi alvei oceani, aquiſque ſpatioſa reciprocationis libertas, quo facto nudantur 
littora zonarum et climatum lateralium, et ſi qua etiam ſub torrida ſinus effici- 
unt reductiores oceani propinqui. Itaque aquis in latiori alveo ocrani affurgen- 
tibus, fieri poteſt, ut in anguſtioribus ejus ſinubus, modo non nimis arctè con- 
cluſis, aquæ præſente lunũ etiam aufugere ab ea videantur: quippe ſubſidunt, 
foris ſubtrafta copia aquarum. See the Iutroduction to the abovementioned Work. 


CHAP. 


FIG. 


45.1 


H A P. » 
ON THE MOTION OF A BODY IN AN ELLIPSE ABOUT THE FOCUS, 


Art, 221. A8 the: orbits which are deſcribed by the primary planets re- 

volving about the ſun are ellipſes having the ſun in one of 
the foci, and each deſcribes about the ſun equal areas in equal times, we next 
proceed to deduce, from theſe principles, ſuch conſequences as will be found 
neceſſary in our enquiries reſpecting their motions. From the equal deſcrip- 
tion of areas about the ſun in equal times, it ap * that the planets move 
with unequal angular velocities about the ſun. The propoſition therefore, which 
we here propoſe. to ſolve, is, given the periodic time of a planet, the time of it's 
motion from it's aphelion, and the excentricity of it's orbit, to find it's an- 
gular diſtance from the aphelion, or it's true anomaly, and. it's diſtance 


from the ſun. This was firſt propoſed by KEILER, and therefore goes by 


the name of KEPLER's PROBLEM. He knew no direct method of ſolving it, 


and therefore did it by very long and tedious tentative operations. LEED 
222. Let AG9B be the ellipſe deſcribed by the body about the ſun at & in 


one of it's foci, 4 the major, GB the minor axis, A the aphelion, 9 the pe- 


...rihelion, P the place of the body, AYVGE a circle, C it's center; draw NPI per- 
pendicular to AQ, join PS, NS and NC, on which produced let fall the per- 


pendicular S7. Let a body move uniformly. in the circle from 4 to D with the 
mean angular velocity of the body in the ellipſe, whilſt the body moves in the ellipſe 
from A to P; then the angle ACD is the mean, and the angle ASP the true ano- 
maly; and the difference of theſe two angles is called the Equation of the planet's 


For if APq be an ellipſe deſcribed by a planet about the ſun at & in the focus, the indefinitely 
ſmall area P Sp deſeribe in a given time will be I ; draw Pr perpendicular to Sp; and, as 


the area Sp is conſtant for the ſame time, Pr varies as 55 but the angle 2 S varies as _ , and 


therefore it varies as 5 that is, in the /ame orbit, the angular velocity of a planet varies in- 
verſely as the ſquare of it's diſtance from the ſun. For different planets, the areas deſcribed in the 


fame time are not equal, and therefore Pr varies : as 5 . conſequently the angle O varies 


area od 
rel ; that is, the angular velocities of 4; fret planets are as the areas deſctibed i in the ſame 


time di. oy and the ſquares of th: ir diſtances from the ſun inverſcly, 
center, 


* 2 8 8 Y * 
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ON: THE MOTION. or 4 Box, Ke. 


center, or Prell lapleręſis. Let p= the periodic time in the ellipſe or circle (the 
periodic times being equal by ſuppoſition), and : = the time of deſcribing AP 


or AD; then, as the bodies in the ellipſe and circle N equal areas in equal 


times about 8 and C reſpectively, we have 
area ADC : area of the circle ;: 1 b 
area of the ellipſe: area 48S P:: p: t, 


alſo area of the circle : area of the ellipſe : area FINE area ASP 3 A - 


area ADC : area ASP :: area ASN : area ASP, hence 10 2 4; take 


away the area ACN n is common to both, and the area DEN = SNC; but | 


DCN DN x CN, and SNC = £ ST x CN; therefore S T DN. Now if be 
given, the arc A vill be given; for as the body in the circle moves uniformly, we 
have p: f:: 360? AD. Thus we always find the mean anomaly at any given time, 
knowing the time when the body was inthe aphelion; hence if we can find S , or ND, 


we ſhall know the angle N CA, called the excentric anomaly, fromwhence, by one 


proportion (223), we ſhall be able to find ASP the true ariomaly. The 
Problem is cherefore reduced to this; to find a triangle CST, ſuch that the angle 
C+ the degrees of an arc equal to 87 may be equal to the given angle 40. 
This may be expeditiouſiy done by trial in the following manner, given by M. 
de la CAI LE in his Aſtronomy. Find what arc of the circumference of the 


circle 40 & is equal to CA, by ſaying, 355 113 :: 1180”. : 57% 17'. 44078 


the number of degrees of an arc equal in length to the radius CA; hence CA: 


CS:: 57*. 17. 44,8: the degrees of an arc equal to CS. Aſſume therefore 
the angle SC, multiply it's fine into the degrees in CS, and add it to the 
angle SCT, and if it equal the given angle ACD, the ſuppoſition was right; if 
not, add or ſubtract the difference to or from the firſt ſuppoſition, according as 
the reſult is leſs or greater than ACD, and repeat the operation, and in a very 
few trials you will get the accurate value of the angle SC T. The degrees in 
ST may be moſt readily obtained by adding the logarithm of CS to the loga- 
rithm of the ſine of the angle SCT and ſubtracting 10 from the index, and the 
remainder will be the logarithm of the degrees of ST. Having found the va- 
lue of AN, or the angle ACN, we proceed next to find the angle AS7. 

223. Let v be the other focus, and put AC = 1; then by Eucl. B. II. P. 12. 
SP -P = vS* + 2vSxul[=vS+2viIxvS=2Cv + 2viIx2SC=2CT 
x 2$C; hence SP PU: 2C] :: 28C.: P- Po, or2:2CI:: 2SC : SP 


285, or 1: CI :: SC: SPe1, hence SP = 1+CSx CIS + CS x cos. 


1 - cos. ASP 
ACN. * By plain trigon. 12 Ip tan. I ATP. But SP, or 


1 + CS x cos, ACN : rad. =1 :: $1, or C$ CI, or CS + cos. ACN : 


See Mavpvuir's Trig. or Cracreut's Tranſlation, Ch. I. Th. 6. 
O | cos. 
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ON TKR MOTION 0 Pf A BODY! in 


"1 jon. C$+ 068. ACN, pp iis wes; WIPY 
RM ASP'=7 FEE a. HEN: Fee fn x ATE (STC / 
1 + C&S x cos. AN- CS cos. ACN | 1-Cs$ + cos. cos. ACN > * 
1 ＋ CN cos. ACV CF cos. ACN © RN cos. ACN x 


SS cos. ACN x $2, _ 1—cos. ACN | | 
$4 + cos. ACN x $A © 1+cos. ACN * 77 FF (bythe . —. at * 


Tan, V therefore N A en Lars tan. ASP, co. 


Minen CEN ders rh ACE NT 


2746, at at'n noon, the. 
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Ex. Required the true place of Auen Augult 26 
equation of the center, and it's diſtance from the ſun. 
By M. de la CAI IE's Aſtronomy; Mercury was itt it's aphelion on ab 
9 at 6.37. Hence on Auguſt 26, it had paſſed it's aphelion 164. 174. 237 
therefore 8 5d. 230. 1. 32 (the time: of, one revolution): 16d. 17. 27 LS 
360˙õ be the nf arc AD, or mean . Novy (according to this An 
chor) CA. C8 :: 1011276 7 211165 (222) 21 / 17 44",8%: 115 57 5 ot. 
43070”,"the — of CS reduced to the arc b&w circle, the log: RAR. 
46341749. Alſo 68*:- 267. 28” = 246388“. Aſſume the angle 807 to be 
. 246000? 5 and: the. operacign. (222), to find the. Ange ACN. wilt ſtand... 
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Hence the true anomaly 1s 48". 32. 30”. Now the aphelion A was in 
8*. 13*. F. 30”; therefore the true place of Mercury was 10. 25. 27. Hence 
68%. 26“. 28” — 48*. 32". 30“ = 19*. 53'. 58” the equation of The center. Allo 
SP=1+CSxcos. Z ACN = 1,10983 the diſtance of Mercury from the ſun, 
the radius of the circle, or the mean diſtance of the planet, being unity. Thus 
we are-able to compute, at any time, the place of a planet 1 in it's orbit, and it's 
diſtance from the ſun ; and this method of computing the excentric anomaly 
appears to be the moſt ſimple and ealy a application of all _ _ da 


of any degree of accuracy. —— ; 


224. As the bodies at D and P Sed from A at the SOS time, and will 
coincide again at 2, 40D, APY being performed in half the time of a revolu- * 
tion; and as at A the planet moves with it's leaſt angular velocity (by the Note to . 
Art. 22 1. ), therefore from A to &, or in the firf 6 ſigns of anomaly, the angle : 1 
ACD will be greater than 4 P, or the mean will be greater than the true ano- 55 
maly; but from & to A, or in the 7af 6 ſigns, as the planet at moves with | 
it's —_ angular velocity, the true will be greater than the mean anomaly. 


ſmall? as in a the oebits of Venus and the Earth, ND, 8 very nearly 
a ſtraight line, will be equal and parallel. to ST, therefore. D is parallel to CN 
and conſequently the angle NCD CDS. Now in the triangle DCS, we 
know the two ſides DC, CS, and the included angle DCS, the ſupplement of 
DCA; hence we can find the angle CDS or DCN. It the angle DCN do not 
exceed 1% the concluſion will be accurate to a ſecond ; and if it be greater, this 
method will give a near yalue of it, and conſequently we ſhall get a near value 
of the angle ACN to begin the operation with in the method already explained, 
which will be. better, perhaps, than gueſſing at firſt, In our example, the angle 
DSC, or SCT nearly, would, by this calculation, have been fund 58%. 197. 1*, 
whence ST would firſt have been found 10% 100. 12”, and after two more ope- 
rations the accurate value would have been obtained. When the angle DCN 


is not very ſmall, M. Cass1n1, in his Elements of Aſtronomy, page 144, has 
given the following method of —_ 1 Wc” 
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AV ELLTYPSE ABOUT THE FOCUS? 


226. Draw Da perpendicular to S7, and 72 is the ſine of the arc D. 
conſequently 8z is che difference between the are DN and it's ſine, or it may 
be conſidered as the difference between the arc of the angle CDS and it's ſine; 


compute therefore the angle CDS. (225), and by the following Table take 
out the difference; between the arc and. it's ſine, and: ſay SD: $5 :: rad. : fin. 

Dx, which ſubtract from the angle SDC and you have the angle 2 DC, or the 
alternate angle 7 L reſt of the operation | is the fame as before. 
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A TABLE. HSA the Difference between the Arcs of a Circle 
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Let the mean diſtance of Mercury be 100000, and he excentricity CS will he 
20878, according to Cass ixrʒ hence in the triangle DCS, DC ooooo, CS 


20878, and the angle DCS=120%,:therefore DC=11 1905, and the angle SD 


=9 a 6 5 52', correſponding to · which we find, in the . the value of S2 
= 7120; 
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the Note to Art. dean , eue d at dent in equal times in the circle and ellipſe about &, 


the angular velocity about & in the circle becomes : WE Kante the angiilay velocity abput Ir is 
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Ex. Let the excentricity of the e earth's orbit be 0,01 bar, che mean di ditance 3 7 
being = =; and the mean atiomaly 40*; to find the true anomaly; | © 7 1 
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Hence the true ! Is 255 *. 306: 3 conſequent the equation of the 
center is 5g. 10%. 

229. When P and O are very CR the variation of PS will be very fall; 
now by the Note to Art. 221. the angular velocity of P at. A about. S : angu- 
lar velocity &f D about Ct A: == N D. and therefore the 
angular velocities will be Healy! in a given ratio fo long as P is near to 4; hence 
EW the difference of the angular velocities muſt vary nearly as the angular velocities 

_ themſelves ;- that is, the equation of the center varies any as the ont 

| | velocity of P about S, or as the true anomaly. - - 10441 bat 5 
iN 230. The greatef equation of the center may be ally found from the N ote 
| Fro. Art. 227, giving the dimenſions of the orbit. For as long as the angular 
| 45. velocity of the body in the circle is greater than that in the ellipſe about 8, the 
i equation will keep increaſing, the bodies ſetting out from A and.z; and when, 
F they become equal, the . mu be the greateſt; this therefore happens 
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AN ELLIPSE ABOUT THE FOCUS, 


F 1 5 | — SP? h - — 
when J p i = TCO r when AC x CE = SP“, hence SP is known 


Let & repreſen: this value of SP; then as we know SW, FW(=24A c-) 


will be known, and as SF is known, we can find the angle FS the true ano- 


| | — ms 1 a 1 | 
* — * 8 „ © 3 . . 
maly. f (223) KS: A:: tan true anom. : tan. 2 excen. anom 


ACN or tan. - SCT; hence as we know 5 C, we can find ST or ND; and to 
convert that into degrees, ſay, rad. =1 : ND :: 57*. 14'. 44,8: the degrees in 


ND, which added to the angle ACN gives ACD the mean anomaly, the diffe- 


rence between which and the 7r#e anomaly is the greateſt equation. Thus 
we may find the equation at any other time, given SP. Or the cos. ACN may 
in general be found thus. By Art. 223. $SP =1+ CS x cos. ACN; hence 


cos. ACN = 7 2 conſequently log. cos. A CN = log. SP—1 — log. CS. 


231. The excentricity, and conſequently the dimenſions of the orbit, may be 
found from knowing the greateſt equation. For (230) the greateſt equation is 
when the diſtance is a mean between the ſemi- axis major and minor, and there- 
fore in orbits nearly circular, the body muſt be nearly at the extremity of the 
minor axis, and conſequently the angle N CA or SC will be nearly a right 
angle, therefore ST is nearly equal to SC; alſo NSA will be very nearly equal to 
PSA. Now the angle NCA - NSA or PSA = SNC, and DCA—NCA = 
DCN; add theſe together and DCA— PSA DCN SNC, which (as NC is 
nearly parallel to DS) is nearly equal to 2DCN; that is, the difference between 


the true and mean anomaly, or the equation, is nearly equal to twice the arc 


DN, or twice ST, or very nearly twice SC. Hence, 57%. 17". 44, 8: half the 
greateſt equation :: rad. = 1 : SC the excentricity. - But if the orbit be conſi- 
derably excentric, to this excentricity compute the greateſt equation; and then, 
as the equation varies very nearly as SC, ſay, as the computed equation: ex- 
centricity found :: given greateſt equation : true excentricity. 


Ex. If we ſuppoſe, with M. de la CALL E, that Mercury's greateſt equation 
is 24%. 3'. 5”; then 57. 17. 44,8: 12%. 1'. 32% :: 1: ,209888 the excentri- 
city very nearly. Now the greateſt equation computed from this excentricity 


— 


7 
Let FW +IWS+FS=24C+ FS=214; then by M. Ca oI's excellent Treatiſe on 


a M- KH 
4 — * | 
Trigonometry, Art. 234. the fine of 1 FS} = N FN ; hence log. ſine of; FSH 
= Z x log. M— SF log. I log. SF — log. SW. | | 
P 1525 | is 


Fis. 
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the excentricity „207745. 


FIG. 


ON THR MOTION OF A BODY IN 


is 23% f. 28",5; hence 237. f. 28”, 5: 24% 3. 5” :: , 209888: ,211165 the 
true excentricity. M. de la LAN DE makes the greateſt equation 237%. 40”, and 


232. The converſe of this Problem, that is, given the excentricity and true 


anomaly to find the mean, may be very readily and directly ſolved, The ex- 
centricity being given, the ratio of the major to the minor axis is known, & which 
is the ratio of NI to PI; hence the angle ASP being given, we have PI: NI 
:: tan. ASP : tan. ASN; therefore in the triangle NCS, we know NC, CS and the 
angle CSN, to find the angle SCN, the ſupplement of which is the angle ACN 
or SCT; hence in the right angled triangle STC, we know SC and the angle 
SC, to find ST, which is equal to ND the arc me ring the equation, which 
may be found by ſaying, Radius: SZ :: 57. 17“. 44",8.: the degrees in ND, 
which added to ACN gives ACD the mean anomaly. 


To eg the hourly Motion of a Planet in it's Orbit, having given the 
mean fourly Motion. 


233. The hourly motion of a planet in it's orbit is found immediately from 
the Note to Art. 227 ; for it appears from thence, that the angles PSp, W'Sw, 
deſcribed by the body at P in the ellipſe and the body in the circle in the 


fame time are as S: SP., or as AC x CE: SP, hence PSp =WSv x . CE 


the hourly motion of a planet in it's orbit, the angle VS being the mean mo- 
tion of the planet in an hour. For extreme accuracy, SP muſt be taken at the 
middle of the hour. Thus we may eaſily compute a Table of the hourly mo- 
tions of the planets 1 in their orbits, 


To find the hourly Motion of a Planet in Latitude and Longitude. 


234. Let AD be the ecliptic, AE the orbit of the planet; and let Bm repre- 
ſent the hourly motion in the orbit; draw the great circles BC, mo perpendicu- 


lar to AD, and the ſmall circle Bu parallel to AD. Now by plane trigonom. 


Bin: Bn :: tad. : fin. Bun or ABC, and 
Bn : Co :: cos. BC : rad. (13) 
cos. A 


Kg Bm: Co:: cos. BG : fin. ABC; but ſin, ACN cos. BC? and (233) if a = 


For as AC, CS are known, we have Gon * $C:= = ACSC, 
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AN ELLIPSE ABOUT THE FOCUS. 
the ſemi- axis major, 4 the ſemi-axis minor of the orbit, x = the diſtance of the 


planet from the ſun, v = the mean hourly motion, then Bm = v x = ; hence 


ab cos. ab cos. A ab 
2 :: cos. * UN A Se. UK X 
v * Co :: cos. BC 8 therefore Co * * 75 * 


„ incl. orb. to ecl. 3 5 * 
_ a — 7 — the hourly motion 1n Longitude. 
COS. tat. 


Alſo Bm : mn :: rad. : cos. Bmn or ABC :: (becauſe cos. B = cotan. AB x 


tan. BC divided by rad.) rad*. : cotan. AB x tan. BC; hence (radius being 


unity) mu = vV x 2 x cotan. AB x tan. BC = v x 2 x cot. plan. dift. node x tau. 


lat. the hourly motion in Latitude. Hence we may conſtruct Tables of the 
hourly motions of the planets both in longitude and latitude. 
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ON THE OPPOSITIONS AND CONJUNCTIONS OF THE PLANETS, 


Art. 235. 1 place and time of the oppoſition of a ſuperior planet, or 


conjunction of an inferior, are the moſt important obſervations 


for determining the elements of the orbit, becauſe at that time the obſerved is | 
the ſame as the true longitude, or that ſeen from the ſun ; whereas if obſerva- 


tions be made at any other time, we muſt reduce the obſerved to the true lon- 
gitude, which requires the knowledge of their relative diſtances, and which, at 


that time, are ſuppoſed not to be known. They alſo furniſh the beſt means of 


examining and correcting the Tables of the planets motions, by comparing the 
computed with the obſerved places. 

236. To determine the time of oppoſition, obſerve, when the planet 
comes very near to that fituation, the time at which it paſſes the meridian, and 
alſo it's right aſcenſion (118 or 122); take alſo it's meridian altitude ; do the 


ſame for the ſun, and repeat the obſervations for ſeveral days. From the ob- 
ſerved meridian altitudes find the declinations, and from the right aſcenſions 


and declinations compute (124) the latitudes and longitudes of the planet, and 
the longitudes of the ſun. Then take a day when the difference of their lon- 
gitudes is nearly 180?, and on that day reduce the ſun's longitude, found from 
obſervation when it paſſed the meridian, to the longitude found at the time (7) 
the planet paſſed, by finding from obſervation, or computation, at what rate the 
longitude then increaſes. Now in oppoſition the planet is retrograde, and 
therefore the difference between the longitudes of the planet and ſun increaſe by 
the ſum of their motions. Hence the following Rule; As the ſum of their 
daily motions in longitude : the difference between 180 and the difference of 


their longitudes reduced to the fame time (i), (ſubtracting the ſun's longitude 


from that of the planet to get the difference reckoned from the ſun according to the 
order of the ſigns) :: 244. : interval between that time (2) and the time of op- 
poſition, This interval added to or ſubtracted from the time (), according as 
the difference of their longitudes at that time was greater or leſs than I 80?, 
gives the time of oppoſition, If this be repeated for ſeveral days 'and the mean 
of the whole taken, the time will be had more accurately. And if the time of 
appoſition found from obſervation be compared with the time by computation 
from the Tables, the difference will be the error of the Tables, which may ſerve 
as a means of correcting them. 8 8 | 

N 


.ON THE OBPOSYTIONS AND CONJUNCTIONS OF” THE PLANETS. 


Ex. On October 24, 1763, M. de la Lanpe' obſerved the difference be- 
tween the right aſcenſion of Þ Aries and Saturn, which paſſed the meridian at 
12h. 17. 1)“ apparent time, to be 8“. 5. , the ſtar paſſing firſt. Now the 
apparent right aſcenſion of the ſtar at that time was 257. 24. 33,6, hence the 
apparent right aſcenſion of Saturn was 1*. 3*. 29. 40%, 6 at 124. 17. 17“ appa- 
rent time, or 124. 1', 37” mean time. On the ſame day he found from obſerva- 
tion of the meridian altitude of Saturn, that it's declination was 109. 350. 20 N. 
Hence from the right aſcenſion and declination of Saturn it's longitude is found 
to be 1*. 4*. 50, 56”, and latitude 2. 43. 25" ſouth. At the ſame time the 
ſun's longitude was found by calculation to be 7*. 19. 19. 22”, which ſubtracted 
from 1*. J. 50. 56" gives 6˙. 3*. 31“. 34"; hence Saturn was 3*. 31. 34 beyond 
oppoſition, but being retrograde muſt afterwards come into oppoſition. Now, 
from the obſervations made on ſeveral days at that time, Saturn's longitude was 
found to decreaſe 4. 30“ in 24 hours, and by computation the ſun's longitude 
increaſed 59'. 59” in the ſame time, the ſum of which is 64. 49"; hence 64. 
49” : 3. 31, 34" :: 24h. : 58h. 20. 20”, which added to October 24, 124. 
1. 37” gives 27d. 18h. 21'. 57” for the time of oppoſition. Hence we may 
find the longitude of Saturn at the time of oppoſition, by faying, 244. : 784. 
20. 20” :: 4. 50“: 15. 47" the retrograde motion of Saturn in 784. 29%. 20”, 
which ſubtracted from 1*. 4*. 500. 56" leaves 1*. 4*. 35. 9“ the longitude of Sa- 
turn at the time of oppoſition. In like manner we may find the ſun's longi- 
tude at the ſame time, in order to prove the oppoſition ; hence 244. : 784. 200 
20” :: 59'. 59“: 3*. 15. 47”, which added to 75. 1*. 19. 22”, the ſun's longitude 
at the time of obſervation, gives 7*. 4*. 35. 9g* for the ſun's longitude at the time 
of oppoſition, which is exactly oppoſite to that of Saturn. Hence alſo we may 
find the latitude of Saturn at the fame time, by obſerving in like manner the 

Aiaily variation, or by computation from the Tables after the elements of it's 
Motions are known and the Tables conſtructed; by which it appears, that in the 
interval between the time of obſervation and oppoſition the latitude had in- 
creaſed 6”, and conſequently the latitude was 25. 43'. 31”. | 
237. This is the method which is now made uſe of to determine the time of 
oppoſition of the planets. The method uſed by Tycho, Heverivs and 
FLAMsSTEAD was the ſame, except that they determined the latitude and lon- 
gitude of the planet from obſerving it's diſtance from two known fixed ſtars, in 
the following manner. Let P be the pole of the ecliptic, a and þ the two ſtars, Fre 
7 the planet; then obſerve za, mb. Alſo Pa, Ph the complements of the 1 50. 
1 titudes of à and 6, and the angle 4 the difference of their longitudes, are 
11 known, from which find ab and the angle Pad; then in the triangle amb 
A | 1 we know all the ſides to find the angle mab, which added to or ſubtracted from 
as the angle ab, according to the poſition of , gives the angle Pam; hence in Ln 
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ON THE OPPOSITIONS AND CONJUNCTIONS OF THE PLANAYTS. 


the triangle Pam we know Pa, am and the angle Pam, to find Pm the comple- 
ment of the planet's latitude, and the angle am the difference between the lon- 
gitudes of the planet and the ſtar a. Thus alſo may the place of any new 
phenomenon, as a comet, be determined, if you have not an opportunity of ob- 
ſerving it's right aſcenſion and declination, which however is the moſt accurate 
method, IT: | 

238. The place and time of conjunction of an inferior planet may be found 
in like manner, when the elongation of the planet from the ſun, near the time 
of conjunction, is ſufficient to render it viſible ; the moſt favourable time there- 
fore muſt neceffarily be when the geocentric latitude of the planet at the time 
of conjunction is the greateſt. In the year 1689, Venus was in it's inferior 
conjunction on June 25, and it was obſerved on 21, 22, and 28; from which 
obfervations it's conjunction was found to be at 134. 46 apparent time at Paris, 
in longitude & . 53. 40”, and latitude 30. 1', 40” north. The time and place 
of the ſuperior conjunction may be alſo thus obſerved, when the ſtate of the air 
is very favourable ; for as Venus is then about fix times as far from the earth as 
at it's inferior conjunction, it's apparent diameter and the quantity of light 
which we receive from it are fo ſmall, as to render it difficult to be perceived. 
But the moſt accurate method of obſerving the time of an inferior conjunction 
both of Venus and Mercury is from obſervations made upon them in their 
tranſits over the fun's diff. This we ſhall explain, when we come to treat on 
that ſubject. 1 | 
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Art. 239. „Je determination of the nean motions of the planets, from their 
conjunctions and oppoſitions, would very readily follow, if we 
knew the place of the aphelia and excentricity of their orbits; for then we could 
(223) find the equation of the orbit, and reduce the true to the mean place. 
The mean places being determined at two points of time give the mean motion cor- 
reſponding to the interval between the times. But the place of the aphelion 1 is 
beſt fixed from the mean motion. To determine therefore the mean motion, 
independent of the place of the aphelion, we mult ſeek for ſuch oppoſitions or 
conjunctions as fall very nearly in the ſame point of the Heavens ; for then the 
planet being nearly in the ſame point of it's orbit, the equation will be very 
nearly the ſame at each obſervation, and therefore the compariſon between the 
1 2 true places will be nearly a compariſon of their mean places. If the equation 
= ſhould differ much in the two. obſervations, it muſt be conſidered. Now by 
comparing the modern obſervations, we ſhall be able to get nearly the time of 
a revolution; and then by comparing the modern with the ancient obſervations, 
the mean motion may be very accurately determined ; for any error, by divid- 
ing it amongſt a great number of revolutions, will become very ſmall in reſpect 
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| 15 to one revolution. As this will be beſt explained by an example, we ſhall give 3 
one from M. CAssINI (Elem. 4. Aron. pag. 362). with che proper FFP anations 155 
as we proceed. abe id ne | 


Ex. On September 16, 1701, Saturn was in oppoſition at ry when the 
place of the ſun was m 23%. 21. 16”, and conſequently Saturn in & 2 3. at. 
16”, with 2. 27. 45 ſouth latitude. On September 10, 1730, the. oppoſition 
was at 12h. 27 and Saturn in 17%. 53“. 5)“, with 25. 19“. 6“ ſouth latitude. 


4 - On September 23, 1731, the oppoſition was at 154. 51 in 0. 30. 50", with 
i 29%. 36. 55” ſouth latitude. Now the interval of the two firſt obſervations was' 
i 29 years (of which 7 were biſſextiles) wanting 5d. 134. 33; and the interval of 


the two laſt was 1y. 13d. 34. 24. Allo the difference of the places of Saturn 
in the two firſt obſervations was 5*. 27'. 197, and in the two laſt i it was 125. 36. 
53“. Hence in 15. 13d. 3ů. 24 Saturn had moved over 127 36, 53 there- . 


fore 12. 36. 55” 3 F. 37 1 ; Iy. 13d. 3h. 24: 163d. 12h. 41 the time of 
moving 
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moving over g. 2. 19” very nearly, . becauſe Saturn, being nearly in the ſame 
part of it's orbit, will move nearly with the ſame velocity; this therefore added 
to the interval of time between the two firſt obſervations (becauſe at the ſecond 
obſervation Saturn wanted 5*. 27. 19“ of being up to the place at the firſt ob- 
ſervation) gives 29 common years 164d. 234. 8 for the time of one revolution. 
Hence ſay, 29y. 164d. 23h. 8 : 365d. :: 360? : 129. 13. 23". 50“ the mean an- 
nual * motion of Saturn in a common year of 365 days, that is, the motion in 
a year if it had moved uniformly. If we divide. this by 365 we ſhall get 
2'. O. 28” for the mean daily motion of Saturn. If we had taken the 
mean annual motion of Saturn anſwering to 125. 360. 53" in Iy. 134. 3h. 24, 
it would have been found 12%. 100. 35, which differing only about 3 1 the 
true motion, it follows that Saturn was then moving with it's mean velocity, 
very nearly, and conſequently was very near it's mean diſtance. The mean 
mot ion thus determined will be ſufficiently accurate to determine the number 
of revolutions which the planet muſt have made when we compare the modern 
with the ancient obſervations, in order to determine the mean motion more 
accurately. 71.5 

The moſt ancient obſervation which we dave of the een of Saturn 
was on March 2, in the dum 228, before J. C. at one o'clock in the afternoon 


4 1 * 


2 If a. by the mean place of a planet in it's orbit, and 4 the mean place at the interval of a year 
(ab being the order of the ſigns), then ab is called the mean annual motion, the number of com- 
plete revolutions being rejected, if the planet have made one or more revolutions. Hence, if to the 
mean place of a planet at the beginning of any year we add the mean annual motion, it gives the 
mean place at the beginning of the next year, rejecting 360% if the ſum be greater. The mean 
annual motion is that belonging to a common year of 365 days; therefore for a biſſextile we mutt 
add the meãn motion of 1 day in order to get the mean annual motion for that year. In like man- 
ner, if a and 3 be the mean places at the interval of 100 years containing 25 biſſextiles, 43 is 


called the mean /ecu/ar motion; which added to the mean place of a planet at the beginning of 


any year, gives the mean place at the end of the 1ooth year from that time. For inſtance, the 
mean annual motion of Mars is G'. 11% 17', 10% 19 and it's mean place at the beginning of 1789, 
was 9%. 17. 225 29 ; to this therefore add 65. 119. 17'; 10” and (rejecting 360% we get 35 280. 

39.39", the mean place at the beginning of 1790. As the mean om motion of Mars is 31.27 
the mean annual motion in a year of 366 days is'6*. T1. 48“. 37. Now in a biſſextile, the year 
begins on January i, at noon, but in the eommon years it begins on December 31, at noon, by 
the civil account; therefore the year preceding the biſſextile has 366 days in the Aſtronomical Ta- 


ples. Hence at the beginning of 1787, the mean N of Mars being 25 24% 10', 43”, and the 


next year being biſſextile, if we add 6˙. 119, 48“. 37 it gives 3˙ 60. 5; 20” for the mean place at 


the beginning * 1788. The mean ſecular motion of Mars is 29. 19. 5 10”, which added to 


mn 229, 2. 49” the mean place of Mars at the beginning of the year 1400, will give 15. 239. 
. 59“ the mean place at the beginning of the year 1 500. If the 100 years contain only 24 
kinrtde as. may ſometimes happen, the mean ſecular motion will be 25. 19. 10”. 43“. But of 
this we ſhall have to fay moe, when we treat of the whoa of- the Tables of the Planets. 
motions. ; Do — | h | | 
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in the meridian of Paris, Saturn being then in w 8*. 23, with 27 50 north lat. 
On February 26, 1714, at 84. 15, Saturn was found in oppoſition in ny 7”. 
56. 46", with 2%. 3 north lat. From this time we muſt ſubtract 11 days, in 
order to reduce it to the ſame ſtyle as at the firſt obſervation, and conſequently 
this oppoſition happened on February 15, at 8k. 15. Hence the difference 
between theſe two places was only 26'. 14”. Alſo the oppoſition in 1715 was 
on March 11, at 16h. 55, Saturn being then in 21%. g'. 1%, with 29. 25 


north lat. Now between the two firſt oppolitions there were 1942 years (of 


which 485 were biſſextiles) wanting 14d. 16h. 45, that is, 1943 common 
years and 105d. 7k. 15 over. Alſo the interval between the times of the two 
laſt oppoſitions was 378d. 84. 40, during which time, Saturn had moved over 
13% 6. 28”; hence 13. 6. 28" : 26. 14” :: 378d. 8h. 40: 13d. 14h, which 
added to the time of the oppoſition in 1714, gives the time when the planet 
had the fame longitude as at the oppoſition in 228 before J. C. This 
quantity added to 1943 common years 105d. 7/. 15 gives 19439: 118d. 214. 

15, in which interval of time Saturn muſt have made a certain complete num- 
ber of revolutions. Now having found, from the modern obſervations, 
that the time of one revolution muſt be nearly 29 common years 164d. 234. 8, 
it follows that the number of revolutions in the above interval was 66; dividing 
therefore that interval by 66. we get 29y. 162d. 44. 27 for the time of 
one revolution. From comparing the oppoſitions in the years 1714 and 
1715, the true movement of Saturn appears to be very nearly equal to the 
mean movement, which ſhows that the oppoſitions have been obſerved very 
near the mean diſtance ; conſequently the motion of aphelion cannot have 
cauſed any conſiderable error in the determination of the mean motion. Hence 
the mean annual motion is 129. 13'. 35”. 14”, and the mean daily motion 2. 
o“. 35”. Dr. HALLEY makes the annual motion to be 129. 13. 21”. M. de 
PLAck makes it 129. 13. 36,8. As the revolution here determined is that in 
reſpect to the longitude of the planet, it muſt be a tropical revolution. Hence 
to get the ſidereal revolution, we mult ſay, 2“. Oo“. 35“: 24. 42”. 20” (the pre- 
ceſſion in the time of a tropical revolution (148) ) :: 1 day: 12d. 7h. 1. 57 

which added to 295. 162d. 44. 27 gives 299. 174d. 11h, 28. 57" the length of 
a ſidereal year of Saturn. 

240. In the ſame manner that we have determined the time of a tropical 
revolution of Saturn from thoſe oppoſitions which happen nearly in the ſame 
point of the heavens, we may determine the periodic time of Jupiter and Mars 
we ſhall therefore ſele& ſuch obſervations from CAssIxI, as may be proper for 
this purpoſe. 

In 1699, Jupiter was in oppoſition at Paris on June 14, at 10h. 8 in 1 232d 
6 yo" with oe. 23. 7 north lat. In 1710 the oppoſition happened on May 
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17, at 18h, 24 in 7 26%. 47. 47”, with 17. 4. 30 north lat. In 171 1 the 
oppoſition was on June 20, at 64. 37 in * 28. 36“ with o'. 15", 50% 
north lat. From theſe obſervations, the time of a mean revolution comes out 
115. 313d. 16h. 54. Now the moſt ancient oppoſition is that obſerved by 
Prol Eur on May 15, 133 years after J. C. at 234 3', Jupiter being in m 
23%. 22. 22”, On May 12, 1698, it happened at 54. 46 in m 22“. 20“. 32”, 
On June 14, 1699, it happened at 10h. 8“ in 1 23% 5a“. 42“. From 
theſe obſervations, proceeding as for Saturn, the time of a tropical revo- 
lution comes out 13y.. 315d. 10. But from the mean of ſeyeral obſervations 
Cass1ni determined it to be Liy. 315d. 144 360%. Hench its, mean. annual 
motion is 309. 20“. 31”. 50%. In his Tables he makes it 30%. 20. 34”. Dr. 
HALLEY, in his Tables, makes it 30%. 200. 38“. M. de la PLACE makes it 
30%. 20. 31%. 3 

In 1715 Mars was in oppoſition on April 215 at 1 11. in m 1⸗. 9 zo” ; 0 
June 11, 1717, the oppoſition happened at gh. 11“ in 4 20. 17. 15“. Now 
in this time, which was 2 years (one of which was a biſſextile) and god. 22. 
11% Mars had made one revolution and 49%. 2. 45 over; hence, from theſe 


two obſervations, we ſhall get a fufficzent approximation to the time of a revo- 


lution, by faying,. 360%+ 492. 27 4.5” 360: : 781d, 22h. 117: 687d. 11h. 15 3 


the time of a revolution. Now, from the obſervations of PTroLEMY, it ap- 


pears that Mars was in * n on December 13, at 114. 48“ at Paris, 130 
years after J. C. in n 217. 22“. 50“. In 1709 Mars was in oppoſition on Ja- 
nuary 4, at 5h. 48 in > 14. 18“. 25”, Between theſe obſervations there was 


an interval of 157890. 114. 184, and conſequently the time of a tropical 
revolution comes out 686d. 224. 16. From the mean of ſeveral re- 
ſults Cass1N1 _ it 686d. 224. 18“. Hence the mean annual motion is 


6˙. * 3 9*2 a, Dr. HALLEY makes it 6 17. 10“ in his Tables; and 
M. de la hs makes it the ene The mean motions thus found may be 


conſidered as ſufficiently accurate to ſettle the place of the aphelion and excen- 


tricity of the orbit; after which the periodic time may be determined with 
greater accuracy. Taking therefore the place of the aphelion and excentricity 
of Jupiter and Mars as we ſhall afterwards ſettle it, we will proceed to ſhow 


how we may correct the periodic time already found, by allowing for the diffe- 


rence of the equations at the different obſervations. 

On May 15, 133 years after J. C. Jupiter was in oppoſition at 2:34. 3“ in the 
meridian of Paris, in m 23*. 22“. 22”; and the equation of the orbit being 5e. 
12'. 46”, the mean place was m 28%. 35“. 9“. On May 12, 1698, at 5h. 460 in 
the evening, Jupiter was in oppoſition in m 229. 20“. 325 and the equation 
being 3*. 51. 215 the mean place was m 269, 11', 53"; hence the difference 

between 
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between the mean places was 2%. 23'. 15”, the time of deſcribing which was 
28d. 17h, 15 according to the mean motion already determined]; this added to 
the time of oppoſition on May 12, 1698, gives June 10, 114. 1 at which time 
the mean place was the ſame as at the firſt obſervation. Hence the interval of 


theſe obſervations divided by 132, the number of revolutions, gives 115. 31 5d. 


124. 54 for the time of a mean tropical revolution. From the mean of this and 
two other obſervations, Cass1nt finds the time to be 11). 315d. 124. 333 and 
conſequently it's mean annual motion 309. 200, 33". 56”. Elem. d Aftron. p. 431. 

On December 13, 130 years after J. C. Mars, from the obſervations of 
PToLEMY was in oppoſition at 11h. 48' in n 21%. 227. 50%; and the equation 
being 7*%. . 44, the mean place was n 1. 20'. 6". On December 11, 
1691, at 33. 14 the oppoſition happened in n 199. 55. 16”; and the equation 
being 10%. 16“. 14”, the mean place was 99. 39“. 2”. Now the difference of 
theſe mean places was 4*. 41”. 4”, the time of deſcribing which is 8d. 224. 31“ 
which added to December 11, 34. 14 gives December 20, 1h. 45, when the 
mean place was the ſame as at the firſt obſervation. Now the interval of theſe 
times was 1561 years (of which 390 were biſſextiles) wanting 3d. 104. 3); 
which divided by 830, the number of revolutions, gives 6864. 22h. 18. 39” 
for the time of a mean tropical revolution; conſequently the mean annual mo- 


* . I * - * : . | 
tion is 6˙. 117. 17“, 9% This correction is not neceſſary to be applied to our 


determination of the periodic time of Saturn; for as it was obſerved near the 
| 5 


8 1 
mean diſtance, where the equation is a maximum, the variation of = in the 


place would not cauſe any ſenſible variation in the equation. 

241. In the ſame manner we may determine the time of a tropical revolu- 
tion of Venus, by comparing the time of two conjunctions, firſt getting an ap- 
proximation in order to be ſure of the number of revolutions.? Now in 1709, 
on June 22, at 64. apparent time, Venus was in ſuperior conjunction in & 09. 
66“. 30%; and in 1705 on June 21, at 22h. an inferior conjunction happened in 


S oo. 36“. 52“. In this interval Venus muſt have made 6 - revolutions and 


197. 38”; therefore the time of one revolution is found to be 224 : days nearly, 


To get the time more accurately, we muſt take two conjunctions at a greater 
interval of time, and allow for the difference of the equations at the times of 
obſervation. Now in 1639 on December 4, at 64. 11' mean time, Venus was 
in conjunction in n 129. 31”. 44” on the ecliptic, and n 129. 31“. 37“ on it's 
orbit; and the equation being 40'. 26“, gives it's mean place n 139. 12“, 3. 
In the conjunction 1716, on Auguſt 28, at 164, 37' mean time, Venus was in 

| Q. 2 | > 5% 
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X 5% 407. 5 * on it's orbit; and the equation being 25. 11“, gives the mean 

place & 6“. 15. 4”. Now in this interval of time, which has been 76 com- 

mon years and 2864. 10h. 26, there have, from what has been ſhown above, 

been 125 revolutions and 8˙. 25". 3', 1; hence 125 revolutions 8“. 23*. 3“. 1” : 

3609. :: 76. 2864. 10h. 26“: 224d. 16h. 41". 40“ the time of a mean tropical 

revolution. Hence the mean annual motion is 7*. 14*. 47. 28“. Elem. 
d* Aſtron. page 562. 

242. CAssIxI propoſes alſo to find the time of a revolution, by comparing 
the ancient obſervations with the modern ones made when Venus was not in 
conjunction, for the ancient Aſtronomers could make no obſervations in con- 
junction for want of teleſcopes. For example. On December 25, 136, at 4. 
Venus ſeen from the earth appeared in 1*. 209. 13“. 45 and on December 
17, 1594, at 44. 30“ it was ſeen in 1. 23*. 1. 36”, advanced 29. 4. 51” be- 
yond the firſt obſervation; and as Venus ran through this ſpace in 1d. 174. 54 
CAss ix concluded that on December 1 5, 1 594, at 104. 36“ Venus was in the 
ſame place as at the firft obſervation, the interval of which times was 1458 
common years 3 54d. 6h. 36', in which Venus had made 2370 revolutions ; 
hence the time of one revolution is 224d. 16h. 300. 4”. This method would 
be accurate, provided the earth was at the ſame point at both times, and the 
orbit of Venus was fixed. Hence the mean annual motion is 7*. 145. 4. 45”. 


. CassIN1 in his Tables makes it 7*. 14“. 47 29“. Dr. HALLE makes it ” 


14%. 47. 28”. M. de la LanDE makes it 7. 14 47. 30“. 

243. The periodic time of Mercury may be very accurately 1 from 
it's tranſits over the ſun's diſc; for as they have frequently been obſerved, we 
have an opportunity of chuſing ſuch as will give us a very accurate concluſion. 
From the obſervations of the conjunction of Mercury on November 6, 16 Ir, 
Cass1Nni found the time of the confin on to be at 194. 50“, and the true 
place of Mercury 1*. 1. 41“. 35”. On November 9, 1723, at 5h. 29', the 
conjunction was in 1*. 16*. 47'. 20”, only 25. 5. 45 beyond the place at the 


- firſt obſervation. Now according to the Tables of Cass1x1, this difference is 


juſt equal to the motion of the aphelion of Mars in the ſame time; conſe- 
quently Mercury was in the ſame place in it's orbit at each time, and therefore 
the equation was the fame. Alſo the conjunctions happening very nearly at 
the ſame time of the year, the equation of time was very nearly the ſame, and 
therefore the difference of the apparent times is the ſame as of the true. Hence 
in the interval of 92 years (of which 22 were biſſextiles) and 2d. 94. 39, Mer- 
cury (from firſt finding nearly the time of a revolution by 2 conjunctions near 
each other) is found to have made 382 revolutions 2. 5. 45 hence, by propor- 


tion, the time of a tropical revolution is 87d. 234, 14. 20%9; and the mean 


annual motion comes out 15. 23% 43“. 11”, 39, Cass iN, in his Tables, 
makes 
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makes it 1*. 23% 43“. 11”, Dr. HAT LRT makes it 1“. 23. 43'. 27; and M. de 
A LANDE, 1“. 225 4. 3": 1 . „ 


On the Secular Mations of aper and Fans 


244. The time of a Wen of auen deduced * the modern fi 
vations comes out greater than that deduced from a compariſon of the modern 
with the ancient obſervations. If therefore the modern obſervations could be 
depended upon to give the time of a revolution nearer than that difference, it 
would prove that the length of Saturn's year is increafing. Now although 


obſervations made at a ſmall interval of time, could not be ſufficient to eſta- 


bliſh this point, yet from a compariſon of our obſervations with thoſe made by 
Trcno, it appears that this is the caſe. The length of the year therefore when 
aſcertained for one time will afterwards want a correction, and the quantity of 
this correction is called the Secular Equation. 

245. KEPLER firſt obſerved this circumſtance, from examining the obſerva-- 
tions of REGLOMONTANUS and WALTHERUS,; for he conſtantly found Jupi- 
ter forwarder and Saturn backwarder than they ought to have been from the 
mean motions determined from the obſervations of Prol ux and Trycno.. 
He faid the fame of Mars; but M. de la LAxpRE obſerves, that he cannot find 
there is any ſecular equation wanted for that planet. FLamsTEAD alſo: 
obſerved, that in all the beſt Aſtronomical Tables the mean motions of Saturn. 
were too ſwift, and of Jupiter too ſlow ; whence it. came to paſs, that the 


computations gave thoſe conjunctions which happened when the planets were 


dire, ſome days ſooner, and when retrograde, ſome days later than the time from 
obſervation ; Phil. Tranſ. No. 149. HevEeLtvs alſo obſerved the ſame. M. 
MARALDTI perceived alſo that the mean motions of Saturn, if we ſuppoſe them. 
uniform, would not agree both with the obſervations of Tyko and thoſe of this 


age. 
ge for 2000 years to Saturn, and 3*. 400 to Jupiter, but he does not give the 


obſervations from which he deduced theſe concluſions. M. de la LAN DE, from 


comparing the oppoſitions in the years 1594, 1595, 1596 and 1597 with thoſe: 
in 1713, 1714, 1715, 1716 and 1717, found the mean motion of Saturn to be 


12% 13“. 19”, 14“ which is 16” in a year leſs than that given by Cassint; and: 


the duration of the revolution greater by near 4 days. He choſe thoſe oppoſi- 


tions which happened near the mean diſtance (as Cass1n1 did alſo), becauſe the 
true and mean motions being then equal, the concluſions would be more accu- 


rate. He alſo choſe other oppoſitions at the diſtance of about 120 years, and 
when 


Dr. HALLE, in his Aſtronomical Tables, applied a ſecular equation of 
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when Jupiter and Saturn were in fimilar fituations, ſo that no error was to be 


apprehended from their mutual attraction, this being the ſame in each caſe. 


Now if with the mean motion found in 120 years, the place of Saturn, from 


where it is now found to be, be computed for the time of the obſervation before 
mentioned in the year 228 before J. C. the longitude will be found to be too 


great by 75; this therefore is the ſecular equation for 2000 years, according to 
this mean motion. But from other obſervations he concluded the mean mo- 


tion to be 125. 132 26”,558. With this mean motion he finds the ſecular 
equation to be 47” in the firſt century from which this motion was deduced ; 
for with this mean motion and ſecular equation, the calculations beſt agree with 
the ancient obſervations. From the theory of attraction it appears, that, ſup- - 
poſing the aphelion of Saturn and Jupiter to be fixed, the ſecular equation va- 
ries as the ſquare of the time, Which M. de la LAxpE thinks may be de- 
duced from this conſideration, that the velocity loſt by Saturn in conſequence 
of the cauſe, which produces the equation, being ſo very ſmall, may be conſi- 
dered equal in equal times; whence from the principle of the law of falling bo- 
dies, the ſpace loſt muſt vary as the ſquare of the time. Now from five obſer- 
vations of PToLEMY, he n the ſecular equation for the firſt 100 years to 
be 47"; hence 100? : 7“ :: 47" : the ſecular equation for ? years. But the lo- 
garithm of 47 minus the logarithm of 100* is 7, 6720979; hence, if to this con- 
ſtant logarithm we add twice the logarithm of r, we ſhall have the logarithm of 
the ſecular equation for 2 years from the commencement of the 100 years, to 
be ſubtracted from the mean longitude. | 

246. But beſides the ſecular equation, the mean motion of Sotarn is alſo 
ſubject to other irregularities which are found to follow from the at- 
traction of Jupiter. Dr. HALLE, in his Aſtronomical Tables, obſerves that 
Jupiter from his oppoſition in 1677, to that in 1689, was found, from indubi- 
table obſervations, to be 127 flower than in the preceding or ſubſequent revolu- 
tions. Alſo the periodic time of Saturn between the years 1668 and 1698 was 
nearly a week ſhorter than it's mean revolution; and the periodic time between 
1689 and 1719 was nearly as much greater, ſo that between the two revolu- 
tions there was a difference of more than 13 days. This Dr. HALLEx ſuppoſes 
to ariſe from the attraction of the greater bodies in the ſyſtem being different 
in different poſitions. For he obſerves, that 1 in 1683 there was a conjunction of 


Jupiter and Saturn, when, from the poſitzon of the apſides, the planets ap- 


proached neareſt to each other, and Saturn was moſt urged towards the ſun and 
Jupiter from it; ſo that Jupiter's velocity Fe eing increaſed and it's force to the 
ſun diminiſhed, it's orbit was increaſed and conſequently i it's periodic time; on 
the contrary, Saturn's velocity being diminiſhed and it's force to the fa 3 in- 
em it's 8 and conſequently 1 it's periodic time, was diminiſhed, Naw, 

$1241 lays 
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fays he, if the ſame thing ſhould happen again, that is, if a conjunction ſhould 
take place again in the ſame point of the Heavens, and the fame effects ſhould 
follow, we may hope that it can be accounted for from the Laws of gravity; 
but if; in like circumſtances, the ſame effects are not found to take place, other 
extraneous cauſes are to be ſought for. But M. de la PL Ack has diſcovered, 
- that theſe inequalities, as well. as the ſecular equations, may be repreſented by 
an equation, from Jupiter s attraction, of 48, which depends on 5 times the 
longitude of Saturn minus twice that of Jupiter, of which the Period 1 is 918 
years. For this we muſt employ the mean annual motion of 12. 1 3.236781. 
Thus all the irregularities of Saturn's motion are confined to a certain period, 
after which they all return again. in 10 years 1701 and 1760, the errors of 
Dr. Haley g Tables were 85 and 217 2 according to M. de la Lanpe, 1o 
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that the motion of Saturn. was greater by 177 Js and it's: periodic time Was 
ſhorter 6 - - days, than i in it's revolution between 1686 and 174 5. Now, ile 
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mean 9 in 170¹ and 1760 was 35, Y „and the angle at the, ſun | between 
Jupiter and Saturn was 19* in 1701 and 30e in 1760, ſo that the Exrpr| In: the 


mean motion could notarife from any diſſimilar ſituations of Saturn in it's orbit, 


by which the elements of the motions might err; nor from the different ſitua- 
tions of Jupiter, that difference not being ſufficient to cauſe ſuch an error. 


247. The motion of Jupiter requires alſo a ſecular equation, as Dr. Har- 
LEY obſerved, who made it 3*. 49“, 24” for 2000 years, or 34”,4 for the firſt 


century, ſuppoſing it to increaſe as the ſquare of the time. M. MARALDI alſo 
obſerved, that the modern obſervations gave the motion of Jupiter greater than the 
ancient. M. de la LAN DE found by comparing the obſervations made 240 years 
detore Þ C. with thoſe in the year 508, that Jupiter s ſecular motion in 83 years was 
2. 04”. And comparing the obſervations in 508 with thoſe in 1 503 and 1504, 
we find nearly the ſame reſult. But if we compare the conjunction of Jupiter 
with Regulus on October 12, 1623, with the like obſervation made in 1 706, we 


find it 21' for 83 years. Dr. HALLEy, in his Tables, fixed it at 12“. 26” for 
83 years, which makes the revolution 8 hours ſhorter than that deduced - from 


the ancient obſervations. The oppoſitions from 1689 to 1698 compared with 
thoſe in 1749, give a mean motion eqtial to that in the Tables of CAssIN 1; 


which Tables give the place of Jupiter 17 too much in 508: Thele concluſions - 


indicate a great irregularity in Jupiter's motions ; and this irregularity is further 
confirmed, if we conſider. that M. W are ENTIN makes the ſecular equation for 


- | : I | | 
the firſt 100 years to be 18"; M. BaiLLY makes. it 13 20 and M. de la LAN DER 


fixes 
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| 4. DLL >. 4 | wks 8 | * 2 
fixes it at 30⁰ for the firſt 100 years, or 3*. 23“, 20“ for 2000 years, admitting 


it to increaſe as the ſquare of the time, which agrees nearly with Dr. HAT- 
LEY's determination. M. de la Grance, from the theory of gravity, finds it 
to be 3“. 18”, which, as M. de la Lanve obſerves, agrees very well with the 
obſervations from 1 59 to 1762, but not with the ancient obſeryations. 
Evrzr determined it from theory to be 2“. 23”; M. de la LAxDE lays, that 
his own ſecular equation, with the mean ſecular motion of 5*. 6*. 2. 30”, 
as nearly as poffible to all the obſervations. - M. de la PLact found in 
1786 an inequality of 200 from the attraction of Saturn, the period of which 
equation is 918 years, as in Saturn. Thus he made the ſecular equation diſap- 
-pear, it being only an irregularity whoſe period is 918 years. This ſuppoſes a 
ſecular motion of 5*. 6*. 17'. 33". The ſecular equation being determined for 
100 years, it may be found for any other time, as it was for Saturn, by taking 
It in proportion to the ſquare. of the time. 
The longitude of the ſun requires a ſecular equation of 12. for 2 500 years, 
ariſing from the diminution of ths 11 of the per, , Reporting to M. 


de la LAxDE. 
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vhich added to the equation found from obſervation gives the greateſt equation. 


en A P. XII. 


o THE GREATEST. EQUATION, EXCENTRICITY- AND PLACE OF 
ah THE APHELIA oF THE ORBIT'S OF THE PLANETS. 


AVI N G determined the mean moti ions of the Nabe 0 we pro- 
ceed next to ſhow the method of finding the greateſt equation 


of their orbits and from | thence the excentricity and place of their aphelia. 
For although; in order to determine the mean motions very accurately, theſe 


Art, 248. 


_ * 


things were ſuppoſed to be known, yet without them the mean motions may be 
ſo nearly aſcertained, that thels i may from thence be very accurately 


ſettled. | 

. Let A be the aphelion, $ the focus; tate Wa mean proportional be · 
e ſemi- axis major and minor, then (23a) when the planet comes to 
nts and F the equation is the greateſt; at which times let the mean 
places be at v and v, then the difference between the true and mean mo- 
tions from Y to is the ſum of the angles FSv, WSw, or 2HFSw, the 
half of which is the greateſt equation. Now to find when this happens, 


obſerve the true places of the planet when at V and , take the difference of 


the two places, and compute the mean motions for the ſame time, and half 
the difference is the greateſt equation. But as it is impoſible to fix upon the 
times when the planet is accurately at F and V, ſeveral obſervations muſt be 
made about each time, and comparing them by two and two, find thoſe where 
the difference between the true and mean motions is the greateſt, and half 
the difference is the greateſt equation. The obſerver will eaſily find when the 
planet is got near to the mean diſtance, k; comparing his obſervations for ſeve- 
ral days,, and. obſerving whether the true motion be nearly equal to the mean 
motion. Hence if we. biſe& the interval it will give the place A of the aphelion. 
Having found the greateſt equation, the excentricity will be known (231), 
Or the greateſt equation may be found thus. Having made two obſervations 


near to V and V, find the equation correſponding, and from thence the ptace 


of the aphelion and excentricity; then compute for the two times of obſervation 
the equations correſponding, and alſo the greateſt equation ; and the difference 
between half the ſum of the computed equations for the times of obſervation 
and the computed greateſt equation ſhows the error ariſing from the obſervation; 
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Ex. To find the greateſt equation of the ys From eee of 
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The half of which 1“. 55 147,3 is the greateſt equation, if ho cottitticn be 
required. But if we take the place of the aphelion and excentricity from this 
equation, conſidered as the greateſt, and calculate the equations for theſe two 
times, half the difference will be the ſuppoſed greateſt equation; compute 
alſo the greateſt equation, and we ſhall find that theſe differ by 186, which 
ſhows that the greateſt equation deduced from theſe two obſervations differs 
from the greateſt 3 itſelf by that quantity; this therefore added to 15. 
55. 14,3 gives 1*. 55. 329 for the greateſt equation, From the mean of 
ſeveral obſervations M. de la CA1LLE makes it 1*. 55. 32“ 

In the year 1717 on March 21, the ſun's place on the meridian at Paris, by 
Cassint's Aftronomy page 191, was in Y O. 4. 28” and on September 23, 
in = O. 15. 0“. Hence the true motion in 185d. 238. 45 was 5*. 297. 28'. 
22", and the mean motion in that time was 6'. 3*, 19'. 12”, half the difference 
of which is 1*. 55. 25%, By thus comparing the obſeryation on September 2 3» 
1717, with the obſervation on March 21, 1718, the equation comes out 1“. 


555 167 . If we compare the obſervation on March 88, 1717, with that on 


September 27, following, the equation comes out 15. 55. Sf = "2. And if we 
compare the obſervation on March 28, 1 7 18, with that on 3 27, 
1717, the equation is found to be 15%. 56. 3“ 7 The mean of all theſe is 1“. 55 


3 52 for the greateſt equation, differing only 42 from the other; but CASSINI, 


in his Tables, makes it 1*. 55". 51”. In the Tables of Mare it is 1*. 5 5. 
31”, „6. M. de LAMBRE, from the obſervations of Dr. Mas&ELYNE, makes it 


1*. 55. 30",9 in 1780; for on account of the diminution of the excentricity of 
the earth's orbit, the greateſt equation 1s ſubject to a diminution. 

250. To find the place of the aphelion A, obſerve the interval of time 
from mn to u, two oppoſite points in the orbit; and if that be equal to half the 
anomaliſtic revolution, or the time from A to Q, the points and » muſt co- 
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incideowirn;4and:Y 5-for the whote/area can only he biſocted by tlie. me ASQ, 
paſſing through &, and conſequently the time of half a tevolution about Soar 


never be equal to half the time of. ono whole revolution but from 4 to Q, the 


areas being in proportion to the. times (219). Now. the difference (4) between 


the times from A to Cand from m to # muſt, by taking away the time from 
n to Q which is common to both, be equal to the difference between the times 
through Am and Vr. Put 7 = the time from 4 to n, and let Rand be the 


_—_ —  <- 


angular velocities: about S in 24 hours at A and Q; then 2: :: : — = the 


time through 2n, the time of deſcribing equal angles being inverſely as the an- 
gular velocities; vein fu al — 2 d, confequently 1 i 1: d 20. Now if the 


obſervation be made. at when.the ſun is paſt, 4, che Mm through Qs mult 
be leſs than the time from, to N, becauſe the area ASm being greater than 


Vu, che areg Am & deſcribed, about $. mult be „greater than that. of are 


the, contgary if m 5-1 pn other. ſide of A4. ps, POM 5 
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Ex. On December. 36, 1743, i t. xc oh, 3's 5 mean Ar M. de L peek 


bound the ſun's longitode a0 bew 87. 29 10 by and on June 305 74 at 
290391028 to bur „ +2] e ret 501 


ale 3 it way, 6 5 „ 8˙ 511 5 ; the ioterval. of theſo tuo iplkdes is 1805. 2 15 ay ( 
a 50 Und. 13 44 1: bas 


No ow reckoning, with M. de. la ColLLE, the eee en m motion of the 
apogee of the earth's orbit ro, be 1. 305 the diſtance of the apogee from the 


perigee, is 188. fe mh ſun had Nee ff 3149 which 


exceeds 180“. 0. > => , hall an anomaliſtic reyolution, by 21 27 and the 


ſun's motiom 6n e being 575 12“ in 24 hours, 57. 12”; 217 19% :: 
2 


24h. : 87 56 Rs time "Of © deſcribing. 21. 17 - p25 Eh ſubtracted _ June 30, 


oh. 3 gives June 29, 1 577 hen the ſun was in & 8*: 29. 43” at the dif. 


tance of 180. of: 3 from the place where it was on December 30, at 0 z. mn 
1"; the interval of theſe two 9 is 182d. 1 oh, 3 5 3˙5 which being leſs . 


182d. 15h, 7. 1", half the time of an anomaliſtic revolution (1 50), by 3. 8% 
(Sd), the ſun was not come to it's apogee on June 29, 154. 7. Now the. 


ſun's motion on June 39, was 57 12 in a day = n, and on December 30, 610 


12.13 5 hence. 4 575 120: 368 44 48's which added to June 29, 1154s. 
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gives June 29, 1 5h. 51“, 48" when the fun was in it's ap6ges, at which time 
the ſun's one” was in & 8˙. 31“. 21”, which therefore was tho 4278 of the 
"os „„ UN I ĩ 6c oe 4 c8 
. To Gnd the ERCentricity, we have Un 355 51% WF "8: 7 4575 
(the half of 1*. 55*. 30% 9 the greateſt equation according to M. de LAukRE) 
:: 1 : ,01681 the excentricity, the mean diſtance being unity. As the orbit is 
very nearly a circle, the correction is unneceſſary. 
252. The above method of finding the place of the aphelion from the great- 
eſt equation is very applicable to the caſe of the ſun and moon, but it can- 


not be applied with the ſame ſucceſs to the planets, becauſe they do not re- 


©. ©: I 68 


to the ſun, cannot de obtained in like manner. M. CassixI (Elem. d* Aſtron: 
pag. 366.) therefore propoſes the following method. Having found the great- 
eſt equation, by obſerving the angle deſcribed between the mean diſtances B 


and D through the aphelion 4, obſerve the planet at r near to A, and the angle 
BSr will be the*true angle deſcribed between B ander; then from the time of 


deſcribing this angle compute the mean motion; and if the difference between 


the true and mean motions be equal to the greatetl equation, then 7 1s the 


aphelion ; if it be le, the planet is not got to it's aphelion. Make then ano- 
ther obſervation at , and if the difference between the true and mean motions. 


be now greater than the equation, the planet is got beyond 4. Hence ſay, as 


the ſum. of the equations at r and : the equation at :: the angle 


Sm: the angle SA the diſtance of the point r from the aphelion ; for (229) 


when the diſtance from the aphelion is ſmall, the equation varies very nearly as 
the true anomaly. This may be corrected, if neceſſary, by calculating, from 
the place of the aphelion, whether the body be found at r and B when it ought. 
And to find the time of coming to the aphelion, fay, as the ſum of 
the equations at r and m: the equation at 7 :: time of deſcribing rm : time of 


deſcribing rA. 


Ex. To find the greateſt equation, place of the aphelion and excentricity of 


the orbit of Saturn. Between the oppoſitions in 1686 and 1687 Saturn bad. 


moved through 12%. 38". 20”, and it's mean motion in that interval being 129”. 
29. 34”, Saturn was then very near it's mean diſtance, Now Saturn was. in 


oppoſition in 


- | | 1686, . 
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on THE GREATEST EQUATION, EXCENTRICITY, AND | 


1686, March 16, * VV 5˙ 26. 47. 6 we 
1701, September 16, 21. in 11.23.21. 16 


Interval 1 5y. 1864. 15h, „„ ae Ge 26. 34. 10 
Mean motion in this interval. 525 2 2 6. 9.36. 8 

| D 178; 13. 1. 30 
Greateſt equation ‚ᷣͤ— 33 6. 30. 65 


To find the place of the aphelion, and the time of coming to it. Saturn was 
in oppoſition in | 


1686, March 16, 105. 28' in out art ©, 26. 47. & 
1693, June 9, 10h. 3 in . Fi 877. 805 41 
0 0 „„ 7.38 - 
Mean motion in this . 2. 28. 29. 27 
| 5.21. 52 
Greateſt equatiou ns 6. 30. 55 
Equation aiTTWWWWet 35 5 


Hence Saturn was not come to it's aphelion in oppoſition 1693. Now the 


oppoſition happened in | 
1686, March 16, 10h. 28'in......... 5*. 26%. 47. 6" 
1694, June 21, 19h. 30 inn 3 
Interval 8y. 999. 1016. . 3. 4-19. 34 
Mean motion in this intervaůAl . 3. 11. 6.5t 


, ˙· FIT, 6.30.55 


Equation at 3 TT WY s © „„ © # 16. 22 


„Tannen Saturn had OW it's aphelion in oppoſition 1694. Hence . 
g. ie. ac. a5" 11% vi #5 115. 12'(the angle deſcribed between 
the oppoſitions in 1693 and 1694): 97. 3“. 20”, which added to &. 19% 5. 41% 


gives 8. 28*. 58' for wy place of . e And to find the time, we have 


1%, 25“. 25%: 1, 9“. 3" :: 376d. 23h. 58' (the time between the oppolitions } in 
1693 and 1694) : 305d. 164, which added to 1693, June 9, 194. 32“ gives 
1694, April 11, 114, 32 the time when Saturn was in it's aphelion. Dr. 
HALLEY, in his Tables, makes the greateſt equation E. 3x. 4". CASSINI 
makes it 6%. 31“. 40“. M. de Lamar makes it 6“. 26, 42“ in 1750, and 

ſuppoſes 


PLACE OF THE APHELIA OF THE ORBITS OF THE PLANETS. 


fuppoſes that it is diminiſhed 1“ in a year, according to the determination of 
M. de la PLaces. From the mean of fix excentricities, determined (231) from 
the greateſt equation, CAass1nt found the excentricity to be ,565t5, the mean 
diſtance of the earth from the ſun being unity. 

253. The ſame method may be applied to find the greateſt equation, place 
of the aphelion and excentricity of Jupiters orbit, although we cannot ſo readily 
meet with obſervations made in the proper places, becauſe we have fewer oppo- 
fitions of Jupiter 1n one revolution than of Saturn. The following however 
are proper for our purpoſe (Elem. d Aſtron. page 423.) In 1723, on June 25, 
at 44. Jupiter was in oppoſition in vs 3*. 21“. 22”, near it's mean diſtance ; on 
December 22, 1728, at 34]. 9“ the true place of Jupiter in oppoſition was & 
1*. 8“. 2”, The difference po theſe places is 5*. 2. 46. 40"; and the mean 
motion being 55 16%. 5o'. 15”, the difference is 109. 56'. 25”, the half of which 
is 5*. 28". 12% 5 the greateſt equation from theſe obſervations. On September 
5, 1725, at 14h. 44 Jupiter was in oppoſition in & 13*. 187 this compared 
with the oppoſition in 1723, gives 2*. 9*. 56'. 38” for the true motion of Jupi- 


ter in the interval; and the mean motion being 2*. 6*. 47'. 24”, the difference 
is 3. 9. 14”, which ſubtracted from 5*. 28“. 12” gives 25. 18“. 58” the equation 


at r. On October 13, 1726, at 64. Jupiter was in Y 20%. 4. 10“ in oppoſi - 
tion; this compared with the oppoſition in 1723, gives 30. 167. 52“. 48” for the 
true motion in the interval; and the mean being 30. 10%. 15. 39”, the difference 
is 6. 37% 9, from which ſubtract 5. 28. 12” and the remainder:1s: 1%. 8. 577 
the equation at m. Hence 29. 18. 58 ＋ 17. 8. 57'=3% 27. 55" :.12. 8. 577 
: 36% 46. 10” (the angle deſeribed between the oppoſitions in 1725 and 1726) 


12%. 19, which ſubtracted from ꝙ 20%. 4. 10“ gives p 7. 49. 100 the place 


of the perihelion. The time of oppoſition 1s alſo found by ſaying, 39. 27. $52 


1%. 8“. 57“ :: 372d. 15h. 16 (the interval of the oppoſitions in 1725 and 


1726) : 134d. 5h. 5, which ſubt racted from the oppoſition in 1726 October 
13, at 64. gives the time at which Jupiter was in it's perihelion to be on June 
47 O . 
fad ow the ſun being unity. It muſt. be here oblerved, that the accuracy, 
of this method depends upon the proximity of r and m to the aphelion or pe- 
rihelion. Cass1N1, in his Tables, makes the greateſt equation * 31 177 
Dr. HALLE V makes it 5. 31.360. M. de Lame. finds it to be 5e. * 
3% in 1750, and to increaſe 535%, 36 in roo years. 

As in the ancient obſervations of Mars mentioned by PToLEMY, there are 
only three which were made in oppoſition, and as they are not in proper 
places for the application of the laſt: method, we ſhall give another Rule to 


determine. the greateſt equation, the Place of the aphelion and the excentricity,, 
a from 


Alſo the excentricity is found to be o, 4 7/4, the mean diſtance of 
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ON. THE GREATEST zayAr tox, EXCENTRICITY AND 7 


from any three heliocentric places of a planet, and it's mean motion. This is 
reſolved in the following manner, firſt upon the ſuppoſition of the fimple elliptic 
hypotheſis (227), and then correcting it. 1 | RED {1 

254. Let & be the ſun, B, C, D three places of the planet obſerved in oppo- 
ſition, F the other focus, A the aphelion, & the perihelion; with the center F 
and radius FM equal to the major axis deſcribe a circle, and produce FH, FG, 
PD to the circumference, and join SG, SH, SE. Now the angles BSC, CSD 
are known from obſervation; alſo upon ſuppoſition of the imple elliptic łypotheſis, 
equal angles are deſcribed about F in equal times; therefore the angles RH, CFD 
are known, by taking them to four right angles as the intervals of time between 
the firſt and ſecond, ſecond and third obſervations to the periodic time. 
Now as FG g= FB +BS, therefore SB BG; for the ſame reaſon SC CA and 
SD=DE. Hence 2FGS=FBS=BFA— BSA; allo 2 FHS =FGS= C FA — 
CSA; therefore 2FGS + 2FHS= BFC— BSC; hence FGS+FHS is known; 
but FGS = BFA—GS84A, and FHS=CFA— HSA; therefore FGS + FAS = 
BFC—GSH, whence GSH is known. For the ſame reaſon HSE is known. 
Hence the angles GSH, HSE, GSE, and BFC, CFD, BFD are known. 
Produce ES to L, and join HL, HG, GL, and affume SH of any value in or- 
der to get the relative values of the other parts of the figure. Then in the trian- 
gle SHL, we know SH, the angle HSL (which is the ſupplement of HSE) and 
the angle H (which is half the angle HFE); hence we know SL; therefore in the 
triangle SLG, we know SL, the angle LSG (which is the ſupplement of GSE) 
and the angle SLG (the half of EFG); hence we know S; therefore in the triangle 
GSH, we know GS, SH and the angle GSH; hence we know HG and the an- 
gle SH; therefore in the iſoſceles triangle FG, we know HG and the angle 
HFG; hence we know FH=FC+CS the major axis, and the angle GH, 
which taken from the angle H leaves the angle HF which is therefore 
known; therefore in the triangle SHF, we know SH, HF and the angle SH, 
from whence we know SF twice the excentricity, and the angle HSF, from 
which take the angle HSC (which = SHF) and we get the angle CSA, the 
diſtance of the aphelion 4 from the obſervation at C. | 

255. This method, being the /imple elliptic kypothefis, ſuppoſes that the an- 
gles deſcribed about F are proportional to the times, which will be ſufficiently 
accurate for orbits whoſe excentricity is ſmall, as that of the earth and Venus; 
for the orbits of the other planets it may be thus corrected. 

256. Having determined, from the three obſerved places , u, r, of the pla- 
net, the place of the aphelion and the excentricity from the ſimple elliptic hypothefis, 
with the diſtances a, &, c, of the planet from the aphelion ſo found, calculate 
(232) the equation upon the true or KEPIER's hypotheſis, and you will get 

| the 
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PLACE OF THE APHELIA OF THE ORBITS OF THE. PLANETS, 


the mean anomalies 4, #, “ upon the true hypotheſis. Then with theſe mean 


anomalies 4, #, c, find the true anomalies a“, &, c“, upon the ſimple elliptie 
hypotheſis, and the difference between à and a", & and &, c and e“ ſhows the 
difference of the places upon the two hypotheſes. To the place of the 
aphelion finſt found add the diſtances a, #”, r”, and you get the places of the 
planet in the ſimple elliptic hypotheſis anſwering to the true place upon KxPLER's 
hypotheſis. Then with theſe three places compute, as at-firſt, the place of the 
aphelion and excentricity upon the ſimple elliptic hypotheſis, and you will have 
the diſtances A, B, C, from the aphelion upon the ſimple. elliptic hypotheſis, to 
theſe apply the differences of the two hypotheſes before found, adding or ſub- 
tracting them according as the ſimple elliptic hypotheſis gave the place leſs or 
greater than KE PLER's hypotheſis, and you will have the diſtances from the 
aphelion upon the true or KEPIER's hypotheſis ; ſubtract theſe from the 


correſponding places , u, r of the planet obſerved, and you will have the place 
of the aphelion once corrected, and alſo the excentricity. In like manner the 


correction may be made as often as * be found neceſſary. Blem. 4 Aſtron. 
page 184. 

In 1694 on January 175 at 45. 200. Mr. FLAmsTEAD obſerved the place of 
Mars to be in & 28%. 12; in 1698 on March 26, at 174. 35 in 7. 4. 18”, 
and in 1702 on July 8, at 12h. 58 in vs 16*. 10. 23”. - Theſe obſervations 
reduced (268) to the orbit of Mars give the three places in & 28*. 12“. 34”, 
F. 3“. 26”, and v9 16*. 11“, 9g”, Hence, by KeeLzr's hypotheſis, the 
place of the aphelion is found to be in mw. o'. 39“. 2” with the WAY 
,09292, the ſemi-axis major being unity; and the greateſt equation 10˙%. 39. 29”. 


Elem, d Afiron. page 474. 


The fame method may be applied to Venus from the conjunctions dived 
in the years 1715, 1716 and 1718; from which it appears, that the places of 
Venus ſeen from the ſun upon the ecliptic were in 1715 on January 26, at 84, 
34. mean time, in K 6*. 22“. 58”; in 1916 on Auguſt 28, at 164. 36“. 42” 


in X 5%. 49". 2”; and in 1718 on April 8, at 104. 15. 11, in + 189, 42”, 1 3"; 


which places reduced to the orbit of Venus will be K 6˙. 25". 52", & 35. 
49'. 53” and = 18*. 39“. 24”, Hence, by the ſimple elliptic hypotheſis, the 


true place of the aphelion in 1716 is found to be == 6*. 50; the greateſt 


equation 497. 8”; and the excentficity o, 0715. As the orbit of Venus 
differs but very little from a circle, there is no occafion for any correc- 
tion. Elem. d Aftron. page 562. CAssINI, in his Tables, makes the greateſt 
equation 49. 6“. Dr. HALIIEX makes it 48“. M. de la LAx DE makes it 

47'. 20". 
nk the ſame principle we may deduce the place of the aphelion, excentri- 
ny and equation of the orbit of Mercury; but as the proper obſervations for 
S this 
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on THE GREATEST ' EQUATION, EXCENTRICITY AND 


this purpoſe happen at a conſiderable diſtance of time from each other, it will: 


be proper to allow for the motion of the aphelion 1n the intervals, which Cas». 


$1N1-afſumes (from what he was beſt able to collect from the obſervations be- 
fore made) at 1. 20” in a year, by which means the motion is reduced to the 
orbit as immoveable. In 1661 on May 3, at 44. 48. 28” mean time, the true 
place of Mercury was found to be in m 13%. 33“. 27” in reſpect to the ecliptic,. 
and 13% 3 3 10“ on it's orbit. In 1690 on November q, at 18. 6' it was in: 


8 18% 20f. 46” in reſpect to the ecliptic, and 180. 220. 25˙ on it's orbit. In: 


1697 on November 2, at 175%. 42 it was in 8 117. 33'. 50“ in reſpect to the 


ecliptic; and 14%. 32%. 30“ on it's orbit. Now between ps \twa-firikioblerva-: 
tions the motion of the _— was, by ſuppoſition, . 397. 20”;-and between the 


firſt and laſt it was 480. 40”; theſe ſubtracted from the 3 and third obſer- 
vations give the places in. the orbit 8 17. 43'. 8“ and. 8 10. 43+ 50” in re- 


ſpect to the firſt obſervation, the orbit being ſuppoſed at reſt. Hence by ſub- 


tracting m 135. 33“. 10“ from 8 1%. 43“, 8”, we have 6*. 42. g 58“ for the ſum. 


of the two true anomalies of Mercury between the firſt and ſecond obſervations, 


the aphelion lying between the two obſerved places; and by ſubtracting 8 10. 
43'- 50 from 8 14% 43“. 8“, we have 6*. 59. 18” for the difference: of the true 
ra between the ſecond and third obſervations. Alſo if we ſubtract 39. 
o” from 6˙. 26%. 20. 3 5 the mean motion between the two firft obſervations, 
— 48“. 40“ from &. 219. 51, 5" the mean motion between the firſt and third 
obſervations, we ſhall have 6˙. 2 5. 41“ 15% and 6˙. 21. 2“. 27” for the ſum of 
the mean anomalies in theſe intervals; hence . 38“. 48” is the mean anomaly 
correſponding to the two laſt obſervations, 3 to 6ů. 59“. 18” of true. 
anomaly. Hence, from the femple elliptic hypothefi is, tlie aphcyion. of Mercury. 
at the ſecond obſervation is found to be in 2 10. 51. 500, excentricity 
o, 21574, the mean diſtance being unity; and the greateſt equation 24. 55. 4. 
This corrected ſeveral times gives the true place of the aphelion on November 
9, 1690 in 4 12% 22“. 25”, the excentricity o, 20878 and the greateſt equation 
24%. 3. CAss INI, in his Tables, makes it 245. 2. 58”. Dr. HALLEx makes. 
it 235. 42. 36%. M. de la Lanvs makes it 23. 40. 


257. Beſides theſe methods of determining the poſition and excentricity of 
the planetary orbits, we ſhall explain another method, which may be ſometimes 
very ſucceſsfully uſed, and is moreover ſtrictly geometrical. By Art, 21 7, we⸗ 
may find the diſtance of a planet from the ſun in any point of it's orbit. The 
Problem therefore is, given in length and poſition three lines drawn from the 
focus of an ellipſe, to determine the ellipſe: 


258. Let SB, SC, SD be the three lines; produce CB, CD, and take SB: 


S EB: EC, and SC.: S: F: * then SC SB: SC :: BC: EC 


21 e 


PLACE or THE APHELIA OP THE onrrs or THE PLANETS. 


b, and SC—SD : SC DC: CF= pp Join FE, and draw DK, 
CI, BH perpendicular to it, Now by ſimilar triangles, IC: HB :: EC: EB. 
(by con.) SC : SB; alſo, IC : KD: CF: DF :: SC: SD. Hence the propor- 
tion of IC, HB, KD is the ſame as SC, SB, SD, conſequentiy } EF. is the directrix 
of the ellipſe paſſing through B, C, D. Through $ draw 4 & perpe ndicular 
to FE; take GA : AS :: CI: CS, and G9 : Ni CT: CS; then es CS 
: Cs S eres. allo AS = Cs, and 4, Lill be the vertices of 


the conic ſation... —— SY 363 —çꝙ——— 
259. Caltidarion. In the angles SBC, SCD we know two ſides and the 
included angles, they being the diſtances of the obſerved places upon the orbit; 
hence we can find BC, CD and the angles B CS, SCD, and conſequently BCD. 
Hence (258) we know CE and CF, and the angle ECF being alſo known, the 


angle CEF can be found. T herefore in the right angled triangle CIE, CE 


and the angle E are given, hence CT is known. Join SI; then in the triangle 
SIC we know CI. CS and the angle SCI ECT BCS); hence we know SI 
and the angles CIS, CSI. and hence the angle $1G is known; therefore i in the 


right angled triangle $1G, we know ST and the angle STG, from whence & & is 


found. Hence (258) we know $4, SN, half the difference of which is the 
excentricity, and their ſum'= 492, Laſtly, in the triangle BSO (O being the 
other focus) we know all the ſides, to find the angle BSA, ths nee of the 
aphelion from the obſerved place B. 

In the year 1740 on July 17, Auguſt 26, September 6, M. de la CAILLE 
found three diſtances of Mercury (the mean diſtance being 1 0000) as follows; 
SB 10351, 5, SC=1 1325, 5, SD=9672,166, the angle BSC=Fy*. 27%. O. 35” 
and CSD = 4. 40. 4. Hence BUS = 299%. 55. 5, BC = 18941, SCD = 
56%. 49', CD=8124,5, BCF 86. 44. 5, CE=215004, CF 55647, CEF 
= 14% 417 44", CI = 54543, CSI 124. 47. 45”, CIS= '. 49%. 4”, SI = 
47281, SIG = 809. 10'. 56% S& = 46589, SP 8010, 5, SA= 12209, SO = 
4198, 3, hence the excentricity og, 75, B SA=Z71*. 37. 23“ or 27. 11e. 3. 
23” which added to 6'. 2. 13“. 51”, the poſition of SB, gives 8˙. 1. 51“. 14” 
for the place of the aphelion. Hence the greateſt equation is 249. 3“. 5”. 

260. Or from the ſame data the place of the aphelion and excentricity 


may be thus found. Put the ſemi- axis major = 1, SB a, S b, SC gc, 


the angle BSD = , BSC =, BS2 = x, OS = 26, half the parameter Sr. 
Wo 


by a well Ken roperty of the elly ſe FJ IS” þ = 

Then by property Pp Pr Ire COS. * 
7 * . . ner — — 
—=, = ; hence r=a+ ae. cos. x be. cos. v + x 


Ie. cos. V+ x 1e. cos. Pay? 
8 2 _ 
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PAS. beg 1 I c 2 
4 — l 
cc. cos. r therefore - e X— 8 A oy . cos. x —£.008, F a1 


now for cos. DEX and cos. 7 +x ſubſtitute 'c0s. v. cos. iin. v. ſin. x and 


cos. 1. cos. * —ſiß. 1. fin. x, and we ſhall have >. 

LISA114 #89 _ b=a" . * b * WE" 3 4 | 
7.805. css V, 00s. n. TE "4-008, cos. . cos. - lin. * 
F b amn hate er 
divide each enominator by cos. x, Reer 


— | - 5.4. cos. vc. 4. 4. cos. 1 — 4. — 6 
2 c. cos. 1 Pe. ſin. 2 tan. = 6.0 d. fin. v c. 54. ſin. » 


which gives the Place of the n Hence we know e = 
23 
N e - 8 _ NING conſequently I _e and. Ie . perihe- 
lion and aphelion diſtances are known. This T benen was firſt given by E. 


PROSPERIN, A/tron. Obſervatore reg; in the Nova Acta reg. ſoc. ſcien, Upſalienſis, 


3 
* 


Vol. III. Mr. Roßixsox afterwards: demonſtrated it by another method in 


the Edin, Ti ran 1788, not knowing that it had been publiſhed before. The 


| Fpecies of the ellipſe being thus determined it's major axis may be thus found: 


Compute. the mean anomaly correſponding to the angle CSB, then fay, as that 
mean anomaly : 360*:: the time of deſcribing the angle CSB : the periodic 
time, The periodic time being known, the major axis is found (218): by 
KEPLER's Rule. 


261. Having explained the different methods of Bading the place of the- 
2 excentricity and greateſt equation; it will be proper to explain the 
methods of examining at any time theſe elements in order to apply ſuch cor- 
rections as may be found neceſſary. M. de la LAx DER propoſes to examine the 


place of the aphelion by two obſervations, one near the aphelion and the other 


near the mean diſtance, ſuppoſing the equation of the center to be known. 
Calculate for each obſervation the equation of the center from the fuppoſed: 
place of the aphelion, and take the difference of the equations, if the two obſer- 
vations be on the fame ſide of the aphelion, but the /um if on different-ſides ; and 


the difference or ſum of the equations will ſhow how much the true motion dif- 


fers from the mean, the mean being known from the known interval of the ob. 
fervations. Hence if the difference calculated agree with the difference obſery ed, 

the place of the aphelion was rightly aſſumed; but if the true motion by calcu- 
lation differ more from the mean motion than the true motion by obſervation 
does, the place of the aphelion was too near to of too far from the obſervation 
made near the mean diſtance. Aſſume therefore another place for the aphelion, 
as you may judge proper from the circumſtances, and trying again, you will 


ſoon 


PLACE OF THE APHELTA Or THE ORBITS OF THE PLANETS. 


ſoon find the true place. For at the mean diſtance, the equation being a maxi- 
mum it alters there but a very little for ſome time; therefore the whole diffe- 

rence ariſes principally from the equation at the obſervation near the aphelion ; 
conſequently the alteration of the place of the aphelion will deſtroy that diffe- 

rence. 

262. M. de la LANDE propoſes another method of examining the place of 
the aphelion of the orbits of Venus and Mercury, by means of their greateſt elon- 

gations when at their mean diſtances. Let Z be the earth, the place of the 

greateſt elongation and A the aphelion according to the Tables to be examined; 

8 the true place of the aphelion. Now the planet being near it's mean diſtance, 

it's computed heliocentric longitude will not be ſenfibly altered by a ſmall al- 

teration of the aphelion, but it's diftance from the fun will be moſt altered; we 
may therefore ſuppoſe the obſerved place to be at v; hence the difference (4) 
of the obſerved and computed longitudes is the angle VE. For any aſſumed 
alteration ASa (m) of the aphelion compute the variation V of the diſtance, 
and thence find the correſponding angle YEv(z), and we have 2: d:: : the 
alteration of the aphelion from the place 4 in the Tables in order to make the 
obſerved and computed places agree. The aphelion is too backward by the an- 


gle 4 Sa, when the perihelion is in inferior conjunction and the computed lon- 


gitude is leſs than the obſerved, or when the aphelion is in inferior conjunction 
and the computed longitude is greater than the obſerved. In all other caſes the 


zphchon-1 1s too forward. 


On May 24, 1764, at 84. 7. 50” true time, M. de la Laxpx obſerved the 


greateſt elongation of Mercury at v, at about 9“. 8* of anomaly 1 in going from - 


rior to inferior conjunction, to be 229, 51'. 12”, and it's longitude to be 2*. 26. 


50. 35“. | 
time was 2*. 26*. 51“. 49”, which was 1'. 14” greater than that obſerved. Now 


in the orbit of Mercury, an angle 4 a of 1 anſwers to an angle VE of very 


nearly $5 ; hence to find the angle AS correſponding to ENT. 14”, lay, 2 
r* ::1'. 14“: 14. 48“ the angle ASa; therefore the place of the aphelion in Dr. 


HaLLEY's Tables was 14“ 485 too backward, and the place thus corrected is 
found to agree with obſervation. 


263. We have now fully explained tha different methods of finding the place of 
the aphelion, excentricity and greateſt equation; but as it may appear, by com- 


paring the computations with obſervations that the elements may not be accu- 
rate, M. de la CAILIE has given the following method of correcting them, 
which will be beſt underſtood by an Example; we ſhall therefore give that pub- 
liſhed by himſelf in the Hifoire de ] Académie Royale des Sciences for the year 


1750, upon the elements of the theory of the ſun, Let AIO M be the earth's 
| orbit, 


Now by Dr. FLADLEF: s Tables it's longitude at computed at that 


Fic; 


Fic; 
57˙ 


mY 


| Excentricity ſuppoſed . . cows we 


Hence the true anomaly of [........ WO 3% þ 1 


ON THE GREATEST EQUATION, EXCENTRICITY AND - 


orbit, S the ſun, M, I, O* three places of the earth obſerved on March 29, 
July 6, and October 3, in the year 1749; A the aphelion, ſuppoſed to be in 
F. 8*. 38“. 51” on January 1, 1749, and it's annual. motion 1“. 3”. T he. ſun's 
mean longitude at the ſame time was ſuppoſed to be 9“. 10%. 1:5". 6”. By 


obſervation, M. de la CaiLLE found the angle ISM = 9g*. 27. 7”, ISO = 


8 5. 58%. 34", theſe being the differences of the three true anomalies; and the 


correſponding mean anomalies were 97*. 34. 46“, and 87. 42“. 26”. Now we 
firſt make two ſuppoſitions for the excentricity, and aſſume two true anomalies 
for the point M, and from thence calculate the angle ISM and. compare it 


with the obſervation. 
| | Fir Hypothefis Second Hypotheſis 
0,010681 | ,0,01685 


4 


, 


899. 50', of,of 
re 3 

Mean anomaly of M by calculation. 91. 45. 34, 691. 45. 50,9. 
Mean anomaly of I by calculation. 5.48. 34, 5 5. 48. 36, 1 


Firf aſſumed true anomaly of M. ... 89“, 50. 00 


Sum of the two mean anomalies .ex.hyp. . . , 
Sum of the, two mean anomalies from obſ. 
Difference, or error of the hypotheſis 


ili. 


97.3426 


97.34. 9, I. 


— 16,9. 


97.34.27 


Second aſſumed true anomaly of M l call 4 
Hence the true anomaly of T.......... : 


89.40. o, o 
5. 47 7 „ 


5. 47. 7 


Sum of the two mean anomalies from ob. ]. ]. : 


ceed as before; 


Mean anomaly of M by calculation 91. 35. 34, 7191. 35. 50, 0 
Mean anomaly of I by calculation . 58 ; = : | = - 58 ; = 8 
Sum of the two mean anomalies ex hyp. . 97. 34. 29, 697. 34. 47, 5 
97. 34.26 „ 
Difference, or error of the hypotheſis : 25 3, 60 2 9 21, 5 


Hence we have the following proportion for each hypotheſis; As the ſum of 
the errors (or difference - when they have the ſame ſign) : the leaſt error :: the 
difference of tlie two true anomalies, ſuppoſe in M,: 'the quantity to be applied to 


the aſſumed anomaly in M, anſwering to the leaſt error; this quantity is to be 


added or ſubtracted according as the ſign of the error was — or 4+. With 
the aſſumed anomaly in M thus corrected, and the ſame excentricity, we pro- 


Two of the obſervations ought to be near the mean diſtance, and one near the apſides, or two 
near the aphelion and one near the mean diſtance, as ſuch obſervations will add to the accuracy of 
the concluſion. 'Twa obſervations near the apſides will beſt determine the place of the aphelion 
aud two near the mean diſtance will give moſt accurately the equation. The obſervations may be 
made at any intervals of time, provided we know the motion of the aphelion, ſo as to be able to 
reduce the obſervations to what they would have been if the orbit had been fixed. The longitudes 
ſhould alſo be reduced (268) to the orbit of the planet. The time of the planet's revolution is alſo 


ſuppoſed to be known, in order to find (239) it's mean motion. 


Cor- 


PLACE or THE AHELIA OF THE ORBITS or THE PLANETS. 


wet; Firſt Hypotheſis Second Hypo lypothefis| 
Corrected anomaly of x. . . | 89%. 41'. 46”,0| 89% 500. 26”,7 

Hence the no mr 8. 48 « 24, 6. 30. 43, 

Mean anomaly of M by calculation . 91. 37. 19, 791. 46. 14,9 
Mean anomaly of I by calculation .| 5.57. 6,3] 5.48. 11, 2 
Sum of the two mean anomalies ex hyp. . 97. 34.26, |97. 34. 26, 1 
Sum of the two mean anomalies from obſ. . 97. 34.26, [97.34.26 | 
Difference, or error of the hypotheſis . . . 8. 8 + o, 1 


— 


We have therefore two ſuppoſitions of the excentricity which anſwer to the 
two obſervations in M and J. We muſt therefore next ſee how theſe hypo- 
theſes will agree with the obſervations in J and O. Aſſuming therefore the 


anomalies in I as above, we en thus. 


PIE" RY 
—_— 


Firſt Hypotheſis Second Hyporhefi 


The 1 mean W of I was Guin. 1 $4 87-053 1-0 8-14.43 
Mean anomaly anſwering to the angle 150 87. 42. 26 87. 42. 26 

Hence the mean anomaly of O is. . 93. 39. 32, 3 93. 30 37. 2 
% U »- co. x; 1 4-46-34, 8 
The angle [SO by obſervation . . . . [85. 58. 34 |85. 58. 34 
Hence the true anomaly of © . . „ i 91.35.17 
Hence the mean anomaly of O from obſ. 93.39. 24, 593. 31. 2, 6 
Difference from that which we want to find: | — 7,8] + 23, 4 


* 
— 5 


Hence we have che following proportion; 6 the ſum of the errors (or diffe- 
rence when they have tlie ſame ſign) : the leaſt error (which here belongs to the 
firſt hypotheſis) :: ie difference between the two ſuppoſed excentricities : the quantity 
to be applied to the firſt excentricity; hence 33",2 : 7",8 :: 0,00004 : 0,0000094; 
now one excentricity giving a reſult —, and the other +, the true excentricity 
muſt be between them ; hence 0,01681 + 0,0000094 = 0,0168194 the excen- - 
tricity. 
Again, As the ſum of the fame errors: the leaſt error :: the difference of the two 
true anomalies, ſuppoſe in M,: the quantity to be applied to the true anomaly in M 
anſwering to the ing difference ; hence 3 3",2 5 +7;8 i: N. 39 :: 2. 27, which 
added to 89. 41'. 46” gives 2755 430. 48“ the true "anomaly of M. But the 
obſerved place of M was 8. 55". 11. of longitude; hence the place of the aphe- 
lion on March 29, was 3*. 8*, 39“, 9”. And if we allow 15“ for the motion of 
the apogee in reſpect to the equinoctial points from January I, we (hall Have the 
true place of the ſun's apogee on January 1, 1749, to be 3˙k 8*. 38“. 54”. From 
the mean of ſeveral obſervations, M. de la CAILLE found the apogee at that . 
time to be 357. 8“. 39“ 40% and the excentrtcity. o, 16293. 

264. All the epochs in our Aſtronomical Tables are reckoned from noon 


on December 31, in the common Fra, and from January 1, in the biſſextiles. 
5 Hence 
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Hence to find the epoch of the mean longitude, from the place of the aphelion 
and the true longitude of the planet at the time, you have the diſtance of the 
planet from the aphelion, or the true anomaly, from which find the mean ano- 
maly and add it to the place of the aphelion, and you have the mean longitude 
at that time. Then take the interval from that time to that of the epoch, and 
find the mean motion correſponding, and add it to the mean longitude, and 
you have the mean longitude at the epoch. If you know the time when the 
planet paſſes the aphelion, you have then only to add to the place of the aphe- 
lion the mean motion from that time to the time of the epoch, becauſe at the 
aphelion the true and mean longitudes are the ſame. 

Ex. On June 29, 1744, at 15h. 57". 46” the ſun was found in it's 
aphelion in g*. 8˙. 31. 55”. From that time to the laſt day of December 
at noon is 184 days 84. 2'. 14”, in which time the mean motion is 6*. 1*. 400. 
21”, which added to 5*. 8“. 31'. 55” gives 9˙. 10%. 19. 16” for the mean longi- 
tude on December 3r, 1744, at noon, as deduced from this one obſervation. 


From the mean of ſeveral obfervations, M. de la CAlLLE makes the mean lon- 
gitude at the beginning of 1749, to be Ly 1, IS. 17",8. 


On February 15, 1743, at 194. 17. 40“ true time, the mean anomaly of 


Mart, according to M. de la Lane, was 11*. 25˙. C. 42”, and the place of 


the aphelion 5. 1*. 20'. 39”, the fum of which is . 26*. 27". 21” the mean 
longitude of 'Mars at that time; and the mean motion of Mars from that 
time to January 1, 1744, (that being leap year) was 15˙. 17. 16. 53”; hence 
we find the mean longitude for January 1, 1744, to be 10f. 13*. 45. 14, 


In like manner we find the epochs of the mean longitudes of all the planets. 


"MEAN LONGITUDE FOR THE BEGINNING OF 
175 O. 


— 
* „ — 
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M. Cassi: Dr. HALLE M. de la Las- 


8 — 


0 — es of — * 1 Lo. amd 8 * 


9. 105. O. 35 9. 10% ol. 13” gf. 105 d. 38,5 


— * 1 2 


ES” Ig -> © ft . & 5 Sa * —— 


8. 13. 19. 5418. 13. 7. 45 8. 13. 11. 15 [ 
1. 16. 19. 21 f. 16. 19. 23 1 16. 20. 48 


— 


—_— 


p. 21 21. 58. 43 lo. 21. 58. 30 O. 21. 58. 47 


— eee 


[Jupiter o. 5 2 4 * 76 3. 42. 29 
Sar 2 20. 2. 56 —.— 20. 26. 24 b. 21. 20. 22 
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PLACE OF THE APHELIA FOR THE BEGINNING OF 
I 750. 


i i. 


Planets M. Cassint1 Dr. HaLLEY IM. de la LAN DE 


Mercury 6*. 13% 41. 18] 8˙. 13% 27.12] 8. 19% 33. 68" 


Venus 10. 7. 38. 0 10. 7. 18. 31110. 7. 46. 42 | 
Earth | 3.' 8. 27. 23| 3. 


8. 28. 43] 3. 8. 37. 16 


Jupiter | 6. 10. 14. 33 


3 

Mars he 1. 36. 9 $- 1. 31. . 1. 26. 14 
6 
8 


Saturn 8. 29. 13. 31 


EXCENTRICITY OF THE ORBITS, 
THE MEAN DISTANCE OF THE EARTH FROM THE SUN BEING 


I ©OOOOD., 

- Planets M. CassINI Dr. Hailey IM. de la LAx DE 
Mercury $f 8092, 5 7970 b 7555.4 
Venus Td 517 504, 98 5 | 498 
Earth | 1690 [ 1691,9 | e 
Mars 14155 144% 1 
Jupiter 2560 | | $0008 £ 250133 1 
Saturn 54320 EY $4381,4 53640, 42 
Georgian . * 90804 8 


F GREATEST 
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GREATEST EQUATIONS. 


a 


* # „ 1740, 1719, 1750, | 
Planets 7 M. Cee Dr. HALLEY — de la Laxpy 
Mercury | 24% i. 5 23ů. PE 36" | | 23%. 40. W141 
venus iS o. 40. 6 * 2 48. 0 x 7 20 
[Earth 1 5 35. Ta e 56. 20 1. 55. 36, 5 
Mas . 39. 19 e e > I 40. 40 

ee rin irs [Tm 
| Saturn 2 6. 31. 40 [ 6. 72. $14.46 78. 48 | 
Georgian 3 1 W "i 


The place of the aphelion of the Georgian Planet in 1788, was 115. 16˙. 19 


39”, and mean longitude 3“. 14”. 49. 14", according to M. de la LAxpk. 


265. The greateſt equations, and conſequently the excentricities of the 
orbits, are ſubject to a variation, ariſing from the mutual attractions of the pla- 
nets. M. de la GRANGE, in the Berlin Acts for 1782, has calculated the varia- 
tion of the greateſt equations for each, from the attraction of the others, and 


has found it for 100 years to be as in the following Table. 


* een e 


; + |.. 
Mercury Venus 


ee eee a 
Earth Mars 


Jupiter Saturn 


By Metcuty 
— Venus 
[— Earth 
f— Mars 
— Jupiter 
— Saturn 


WET | 
+03 


[+ o, 58 |— 9, O2 
1 1, 26 — 6, 16 


+0, O2 |— o, 14 


(Whole, Change 


* 
— 


— 0,80 [+ o",22 | *# * #* | * 
+ 4, 18 [+ 0,22| * * * | * 
* * * 4 3. 66 * * * * 
— 4.944 * | 

—16, 02 [+31, 68] ** [|—1'.50"6 
— 0,08 |+ 1, 30|+56, 28 [* * 


* — 


+2, 16 24, 98 


— 17, 66 +37> 08 +56, 26 wy 


— 


LS —— 


— * 


— 
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In this Table, the quantity of matter in Venus is ſuppoſed to be 1,31, that 
of the Earth being unity; but the denſity, and confequently the quantity of 
matter, in Venus is ſubject to ſome uncertainty. If any other quantity of mar- 
ter be aſſumed, the numbers in the horizontal line oppofite to Venus will vary 
in the ſame ratio. The equation of the Georgian Planet is diminiſhed 0”,o1 
by Jupiter, and o 1 by Saturn, according to M. de la Grange. 


4 new Method of n the Elements of the Orbit of a Planer. 


266. A If any quantity 2 be Amed. and the value of any func- 
tion of it be computed; then if z be increaſed by any very {mall quantity v, 
the variation of the ſame function will be in 5 to v. This is a pro- 
poſition well known to Mathemattcians. * | 2 | 

267. Given three obſerved heliocentric longitudes of a planet, the times of 
obſervations, and it's periodic time ; alſo the place of the aphelion of it's orbit, 
and it's excentricity are ſuppoſed to be very nearly known; to correct theſe two 
elements. Let $ be the ſun, M, I, O the three given obſerved places of the 
planet, A the eſtimated place of the aphelion, and & C the ſuppoſed excentricity. 
As the intervals of time of the planet's motion from M to I and from 7 to O 
are known, and the periodic time is given, the mean anomalies between 
M and I, J and O will be known (222); call theſe p and q reſpectively; and 
as the points M, I, O, A are given, the angles ASM, ASI, ASO are known, 
the three true anomalies ; compute therefore (232) the three correſponding 
mean anomalies, and from thence we ſhall know the mean anomalies between M 
and I, I and ©; call theſe P and , Then if P=p, and Q=g, the computed 
agree with the obſerved places, and conſequently the place of the aphelion and 
the excentricity were rightly aſſumed. But if P be not equal to p, let it be, for 
Inſtance, leſs by , and let Q be leſs than q by u. No increaſe the place of the 
aphelion by a very ſmall quantity x, and compute the mean anomalies between 
M and I, I and O again, and let the correſponding errors be W and . 
Hence from increaſing the place of the aphelion by x, the alteration of the 
mean anomalzes between M and J, I and O will be n+ and z+#' reſpec- 
tively, according as che errors are of a different or of the ſame kind. Increaſe 


* To give the Reader an idea on which the truth of this depends, let 4 be the reſult of the fir 
computation. Then for xz ſubſtitute 8 + v, and compute again the ſame quantity with this new 
value of z. Now as v is very ſmall, we may reject all it's powers above the firſt, conſequently the 
ſecond reſult will he AEN, mz being ſome known coefficient; becauſe when vg the two reſults 
muſt be the ſame, Heuce the. variation zv of the ficft reſult is in proportion to v. 
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the excentricity by a very ſmall quantity y, and let the errors of the mean ano- 
malies between M and J, I and O be W and 1; then will m +” and u. N. 
be the correſponding alterations of the mean anomalies from the increaſe y of 
excentricity. Let and / be the alterations neceſſary to be made to the firſt 
aſſumed place of the aphelion en the excentricity, in ben to correct the errors 


m and x. Then (266) x: *:: n m,: — the change of mean ano- 


1 
1 

the change which ariſes from the alteration . But we want to increaſe the 

mean anomaly between M and I which ariſes from the firſt aſſumed place of 

the aphelion and the excentricity, by the quantity m; hence ve muſt aſſume 


+ m” 4 
1 * 22 For the ſame reaſon, x : x 121 +&H: deb Id 
* 


the change of mean OY between Fand O from the alteration x"; allo 145 7 


maly between M and [I from the alteration x; - allo * : y :: : 


IM 1+: *% LET _ : the change arifing from the neden "Wat: But we want 


to increaſe the mean anomaly between [ and O from the firſt aſſumption, by 


＋ 
the quantity 2; hence we muſt aſſume LEI! —. =. Pub 


n ＋ _ m in 11 1 N 


— a, — , - e 7 * and we Kere 
b 
ex" + ay u; hence & = * 2 ar and / = 2 pr, the erection to be 


made to the firſt aſſumed place of the 1 pro's and the excentricity in order 
to make the computed agree with the obſerved mean anomalies. Thus we 
correct at once the two elements. If P or Q be greater than P or q, then, as 

the aſſumed place of the aphelion and the excentricity give the mean 
anomalies between M and 7, I and O too great by m or u, it is manifeſt. 
that the alteration which we want to produce, by altering theſe two elements, 
is to diminiſh the computed mean anomalies by m or u; to effect which, 
we muſt aſſume the alterations equal to — m Or — u, Regard muſt alſo be 
had to the ſigns of m +, m+m", u K, u V, by conſidering, whether 
the aſſumed variations x and y have produced an increaſe or decreaſe of the 
mean anomalies between M and I, I and O, and writing them poſitive or ne- 
Saive accordingly. The circumſtance of any particular caſe will immediately 


Pant out theſe matters. | 


To 


REDUCTION OF A PLANET TO THE ECLIPTIC. | 7249 


To find the Reduclion of a Planet to the Ecliptic. 


268. Let / C be the ecliptic, AB the orbit of a planet, N the aſcending node, 
C the order of the ſigns, P the place of the planet, and Pm perpendicular 
to 4 C; then Nm, reckoned from N according to the order of the ſigns, is 
called the argument of latitude, becauſe the latitude Pm depends upon Nm ; 
hence to get the argument of latitude, we muſt always ſubtract the place of the 
node from the place of the planet reduced to the ecliptic, adding 12 ſigns to 
the latter if it be the leaſt. Take NA NM, and the longitude of a pla- 

net upon it's orbit is computed from the point 4; hence the longitude on the 
orbit is AP= AN + NP; and the longitude on the ecliptic is 4p m =p N+Nm 
=AN + Nm; the difference of theſe longitudes is the difference between NP 
and Nm, which difference applied to the longitude of the planet upon 
the ecliptic, adding it to or ſubtracting it from, according as Nm is leſs or 
greater than NP, that is, as Nm is between oe and go? or 180% and 270%, or 
between go? and 180% or 270 and 360%, gives the longitude upon it's orbit. 
This difference is called the Reductiau. | 
269. To find the reduction, put c = the coſine of the angle PNm, t = the 


tangent of Nm the argument of latitude; then the cotan. PN = — e 


hence 10, + log. log. 7 = log. cotan. PN ; and the difference between PN 
and Nm is the reduction required. 


Ex. Let the :acnation of the orbit of Mercury be 7*, and the argument of 
latitude 30%. 17'. 48”; then 


F. % % ea ce cn cos. + 10, * 19,9967507 
30. 17. 4888 tan. = 9, 7666171 
30. 29. 1 EC ISI EIT ONS cot. 10,2301336 


oO. 11. 13 the Reduction. 


In the Tables of the planet's motions, a Table of reductions is given, whicly 
applied to NP gives Nm; or applied to the longitude of a planet on it's. 
orbit gives the longitude upon the ecliptic ; but if applied with a. contrary fign 
to the longitude on the ecliptic it gives the longitude on it's orbit. In like 
manner a reduction may be applied to the ſun's longitude to find it's right aſ- 


cenſion, or the contrary. 


CHAP. 


r. 


ON THE MOTION OF THE APHELIA OF THE ORBITS OF THE 
PLANETS. 


Art. 270. AVING explained in the laſt Chapter the methods of finding 

| the place of the aphelia of the orbits of the planets, we proceed 
next to determine their motion, ariſing from their mutual attraction, which 
is immediately done by comparing the places as ſettled by the ancient and 
modern obſervations; or by comparing the length of an anomaliſtic with that 
of a 3 or ſidereal revolution. , 

. To find the motion of the Eartl's e 9h HiPARcHus, 140 years 
deine ]. C. determined it's place to be 2*. 5˙; and by the obſervations of 
WALTHERUS in 1496, the place was found to be 30. 3%. 57. 57"; from theſe 
obſervations, the motion of the apogee is 1“. 2“ in a year in reſpect to the 
equinoctial points. M. de la Ca1iLLE determined the place of the apogee for 
the beginning of the year 1749 to be 3˙. 8*. 39'; which compared with the ob- 
ſervation of WALTHERUS gives 1'. 6” for the yearly motion. In the year 1 588, 
Tycho determined the place of the apogee to be 30. 5*. 30; and KEPLER in 
the ſame year determined it's place to be 3. 5*. 32. Theſe compared with the 
obſervation of Cass1Nn1 in the year 1738, who determined it's place to be then 
in 3*. 8*. 197. 8”, give about 1'. 7“ for the annual motion. M. de la CAILLE 
determined the length of the anomaliſtic year to be 26'. 35 longer than the tro- 
pical year, which makes the motion of the apogee © whe 1, F „5 in a year. 
KEPLER made a Nel] 27; RiccioLvs, I, 2. 4, 47 in A year. MAYER in 
his Tables makes it 1“. 6”7. Dr. HALLE V makes i it 1“. 17; and CAssINIH about 
1. 1% 5. M. de la LanDE in his Tables makes it 1“. 2” as computed by M. de 
LAuEBRE from Dr. MASKELYNE'S obſervations in 1788; and this determina- 
tion is moſt to be depended upon, as made by ſo eminent an Aſtronomer, from 
obſervations which are acknowledged to be the beſt that have been ever made. 
Theſe motions are in reſpect to the equinox. , It we aſſume it to be 1', 2” A 
and the preceſſion of the equinoxes to be 5350, we ſhall have the rea! motion 
of-the apogee to 117% in a year. 17 

272. 10 Fra the motion of the aphelion of Satarn. The place of the 
aphelion in 1694 was 8*. 28*. 58'; but from three oppoſitions obſerved in the 
years 127, 133 and 136, it's place for the year 132 Was 7*. 247. 14. 29”, which 
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makes the annual motion 1'. 20”, Tycno found the place of the aphelion on 
December 19, 1590, to be 8. 25. 40'. 51”, which compared with the obſer- 
vation in 132 gives 1'. 187 5 for the annual motion. The fame obſervation 
of Tren compared with the place of the perihelion on December 12, 1708, 
in 8˙. 28. 25”. 10”, gives 1'. 23”,5 for the annual motion. If the ſame obſerva- 
tion of TYcno be compared with the place of the aphelion in April 1694 in 8*. 
28. 58 it gives 1'. 55” for the annual motion. Cass1x1 conjectured from all 
this, that the motion of the aphelion was quicker now than formerly. He alſo 
found the perihelion in 1708 not ſo forward by a degree as it ought, when 
compared with the place of the aphelion in 1694 at the annual movement of 


1'. 20"; from whence he ſuſpected that the orbit had a librating motion, and 


that there ought to be an equation employed between the two points. The 
irregularities of Saturn however, as we have before obſerved, are ſo great, that 
we need not wonder at theſe differences. KEILER makes it 1, j6”. CassINÞ 
ſuppoſes it to be 1'. 18”, and Dr. HarLEy I“. 20”. M. de la GRAN CE, from 
calculating the diſturbing force of each planet upon the other, has determined 
the annual motion of the aphelion to be 1“. 6”,3. M. de la PLAcE makes 
it 1. 6% 0%, which M. de la LAN PDE has employed in his Tables. 

273. To determine the motion of Jupiter's aphelion. According to the ob- 
fervations of ProlEMx, the aphelion was in 14. 38“ in the year 136; but 
in 1720 it was in = 9*. 47'; this gives 57”. 11“ for the annual motion. In 


the year 1590, the place of the aphelion, calculated from the obſervations of 


Tycho, was found to be in 6. 30“. 43”; this compared with the obſervation 
in 1720, gives 1“. 30“ for the annual motion. If we compare the places in 
136, and 1 590, they give 54” for the annual motion. This induced CAssINx x 


to think, that the motion of the aphelion is accelerated; or that it was ſubject 


to ſome irregularities; he ſtates the motion at 57”. 24”. KEPLER makes it 
47”. Dr. HAThEY makes it 72“. M. JEAURAT computed the place of the 


i 
. 


aphelion in 15390 be in 7. 49“. 19“, and in 1762 in = 109. 36'. 41”; from 


which he found the annual motion to be 58”,4. ELER, from the theory of 


attraction, found it to be 55”. M. de la Graxes, 5% „. M. WARGENTIN 
fays, that an annual motion of 62” beſt agrees with obſervation. M. de la 
LANDE has employed 56”,73 in his laſt Tables, according to the theoretical 
determination of M. de la PLACE. 

274. To determine the motion of the aphelion of Mars. From three op- 


poſitions obſerved by PToLEMY, the place of the aphelion in 135 was found to 


be z'. 29%. 24; and by the obſervations made at Greenwich in 1691, 1696 and 


in 1700, the place was found to be in 5*. o. 31'. 34” in 1696; hence the annual 
motion of the aphelion is 1“. 11”. 47“. 20”, KEeLER makes it 1“. 5”. Dr. 
HALLE makes it 1'. 12”. From comparing the place in 1748 in 5*. 19. 26”. 


10” with the place in 1592 in 4*. 28% 49“. 50”, the motion is 1. The 
| mean 
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mean of theſe determinations is 1'. 7”,5. M. de la LAxDE ſuppoles- 1 it to be 
= 

_— 83. To determine the motion of the aphelion of Venus. CAss INI hat 
found, from computing the place of the aphelion from the ancient obſervations, 
a difference of 155, from which uncertainty it is more difficult to determine it's 
annual motion. However, the place, computed from the obſervations in 
136, 138 and 140, (and which he thinks are the moſt to be depended upon) 
was found in 138 to be in # 21*. 29; this compared with the obſervations 
in 1715, 1716 and 1718 when it was found to be in xx 6?. 5o' in 1716, the 


annual motion is found to be 1'. 42”. 50“. From comparing the place in 
1596 in & 1*. 54 with the place in 1716 in zz 6*. 50', the motion is 2. 28”, 


Horrox fixed the place of the aphelion in 1639 in 5; this compared with 
the place in 1716, gives 1'. 26” for the motion. M. de la Lanvpz employed 
the ſame method to ſettle the place of the aphelion of Venus as for Mercury, 
which we have explained in Art. 262. By comparing the place of the aphe- 
lion in his firſt Tables with the place in KzeLER's Tables, the annual mo- 
tion comes out 2. 41/5. CassIn1 makes it 1“. 26”, and Dr. HALLEY 56",5. 
KEPLER makes it 1'. 18“. Amidſt ſo much uncertainty, M. de la LAx DE 
thinks it better to depend upon the theory, which, according to M. de la 
GRANGE, makes it 48% 5, and which M. de la LAN DE employs in his Tables. 
On account of the ſmall excentricity, this uncertainty of the place of the aphe- 
lion is not of ſo much conſequence, as an error of 1* in the place of the aphe- 


lion will never produce an error of 1“ in the heliocentric longitude. 


276. To determine the motion of the aphelion of Mercury. From the ob- 
ſervations of the paſſages of Mercury over the ſun in 1661, 1690 and 1697, 
CASH NR ee the place of the aphelion on November , 1690, to be in 
8˙. 129. 22. 25”; and upon ſuppoſition that the motion of the aphelion was 1“. 
20” in a year, he found that it repreſented the paſſages very well in 1631, 1672, 
1723 and 1736. But as theſe pallages were nearly at the ſame Point of the or- 
bit, it does not ſufficiently eſtabliſh 1'. 20” to be the true motion, as it might 
anſwer to the ſame points nearly, but not to other parts of the orbit. We 
ought not therefore to be ſurpriſed, ſays M. de la LAxpE, that a motion of 
52”",5 by Dr. HALLE anſwers equally well to the ſame obſervations. KEPLER 
makes it 1'. 45”. M. de la LANDE found, by the greatelt equation, that on 
May 6, 1753, the place of the aphelion was 8*. 13% 55'. From comparing this 
place with the place computed from 8 obſervations of Prol Ex, (rejecting 6 
others, 2 of which did not appear to be reconcilable with each other, and 4 were 
too near the aphelion) he found the motion to be 1'. 10” in a year, which he 
conſtructed his firſt Tables upon; obſerving however at the ſame time, that 
this motion does not agree perfectly with the obſervations in this century, He 


has 
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has ſince found that a motion of 56”,2 5 will beſt agree with obſervation; and this 
M. de la GRANGE makes it 57” by theory. 


he has aſſumed in his laſt Tables. 


The motions of the A here determined are their motions in longitude; if. 


therefore we ſubtract 50”,25 (the annual preceſſion of the equinoxes) from 
each, we ſhall get their real motions. 


MOTION OF THE APHELIA IN ONE HUNDRED YEARS. 


Planer, Ii M. CA Dr. HALLEY INM. de la Laxvs| 
Mercury 2*. 13,20” 15 27. 37” E $9: 45 | 
Venus 2. 23. 2 1 34. 13 FE, 0 
Earth 4. 42. is © ix; 7 y 46: 48 -* 
Mars L. $9. 46 1. 56. 7 1. 6h: 40 

3 I. 35. . 2. «a. I 5 
Saturn 2. 9. 44 „ 3& {3 - 1 ih © is 


— 


- 


According to the calculations of M. de la Grance, the aphelion of the 
Georgian Planet is progreſũve 3”,17 in a year, from the action of Jupiter and 
Saturn; conſequently it's motion in longitude is 50% 25 + 3,17 = 53",42. 
He has alſo calculated the effect of each planet in diſturbing the aphelia of the 
reſt, The following Table contains the annual effect. 


ANNUAL MOTION OF THE APHELIA. 


Mercury | Venus Earth | Mars Jupiter | Saturn | 
By Mercury 1 4,30 H 0˙%42 0O',02 o“, oo 0,0 
84 Venus 49,14 VII 3, 20 O, 70 O, O1 O, OO 
— Earth | ©, 84 — 5, 6 I, 92 o, Ot o, 00 | 
— Mars | ©, 04 [+ 1, 18 |+ 1, 54 . O, OO o, OO 
— Jupiter 1, 56 , 6, 381+ 6, 79 12,31 | - » - | 16,90 
— Saturn o, 08 Lo, 08 |+ o, 19 ©, 70 6, 56 3 
Real motion 6, 66 — 1, 72j 13, 30| 15, 65 6, 58 | 15, 99 
Preceſſion 50, 25 50, 25 50, 25 50, 25 50, 2 5 $0, $6 | 
Mot. in long.] 56, 91 45, 3 0% 5. 90 36, 83 66, 24 

U M. de 
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M. de la Graxce here ſuppoſes, as before, the denſity of Venus to be 1,31, 
but M. de la LAND RE. makes it only 0,95; for this denſity therefore, the ſecond 
horizontal line muſt be diminiſhed in the ratio of 1,31 to 0,95. 

KEPLER makes the earth's apogee to have coincided with the equinoctial 


point ꝙ, on July 24, in the year 3993 before J. C. which, according to ſome 
Authors, is about the time of the Creation. At the ſame time he makes the 


W ee A of Jopiter SD 23. 34. 18”; of Mars 


s 15%; of Venus Oe. o'. o“; of Mercury S O'. o'. o“; _ the apogee of the 
Moon = o. o. o“. 
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ON THE NODES AND INCLINATIONS OF THE ORBITS OF THE 
PLANETS TO THE ECLIPTIC, 


Art. 277. ROM obſerving the courle of the planets for one revolution, 

their orbits are found to be inclined to the ecliptic, for they 
appear only twice in a revolution to be in the ecliptic ; and as it is frequently 
requiſite to reduce their places in the ecliptic, aſcertained from obſervation, to 
the correſponding places in their orbits, it is neceſſary to know the inclina- | 
tions of their orbits to the ecliptic, and the points of the ecliptic where their 
orbits interſect it, called the Nodes. But previous to this, we muſt ſhow the 
method of reducing the places of the planets ſeen from the earth to the places 
ſeen from the ſun, and how to compute the heliocentric latitudes. 

278. Let E be the place of the earth, P the planet, S the ſun, the firſt point 
of aries ; draw Pv perpendicular to the ecliptic, and produce ES to a. Com- 
pute, * at the time of obſervation, the longitude of the ſun ſeen at a, and you 
have the longitude of the earth at E, or the angle ꝙ SE; compute alſo the lon- 
gitude of the planet, or the angle Y Sv, and the difference of theſe two angles 
is the angle ES of commutation. Obſerve the place of the planet in the ecliptic; 
and the place of the ſun being known, we have the angle vE S of elongation in 
reſpect to longitude ; hence we know the angle SvE, which meaſures the diffe- 
rence of the places of the planet ſeen from the earth and the ſun; therefore the 
place of the planet ſeen from the earth being known, the place ſeen from the 
ſun will be known. Alſo tan. PEV: rad. :: P: Ev 

rad. : tan. PS:: vS: vP 
., tan. PEV: tan. PSv ::vS : Ev :: fin, SEv : fin, Fis. 
ES; that is, rhe fine of elongation in longitude : fin. of the difference of the longitudes 59 
of the earth and planet :: tan. of the geocentric latitude : tan. of the heliocentric lati- 
tuae. When the latitude is ſmall, vS : Ev very nearly as PS: PE, which, in 
oppoſition, is very nearly as PS: PS SE. Or we may, as Mr. Buse ob- 
ſerves, compute (223) the values of PS and SE, which we can do with more 
accuracy than we can compute the angles SEv and ESv. The curtate diſtance 
Sv of the planet from the ſun may be found, by ſaying, rad. : cos. PS:: PS: Sv. 


* The method of making theſe computations will be ſhown in the ſecond Volume of this Work. 
of 279. Firſt 
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279. Firft method, to find the place of the node. The moſt ſimple me- 


thod, when it can be applied, is to obſerve when the planet has no latitude, an 


then reduce (278) the apparent place to the place ſeen from the fun, and it 
gives the place of the node. 

280. Second method. The place of the node may be determined by find- 
ing two equal heliocentric latitudes on each fide of the node, and the middle 
point between the longitudes found at the ſame. times, is the place of the 
node, 

281. Third method. Find he planet's heliocentric latitudes juſt before and 
after it has paſſed the node, and let @ and & be the places in the orbit, I and u 
the places reduced to the ecliptic ; then the triangles amN, bu (which we 
may conſider as rectilinear) being ſimilar, we have am + bu: mn :: am: MN, 
that is, the ſum of the two latitudes : the difference of the longitudes :: either latitude 
: the diſtance of the node from the longitude correſponding to that latitude. Or 
if we take the two latitudes ſeen from the earth, it will be very nearly as accu- 
rate when the obſervations are made in oppoſition. If the diſtance-of the ob- 
ſervations ſhould exceed a degree, this Rule will not be ſufficiently accurate, 


in which caſe we muſt make our computations for ſpherical. triangles thus. 


—— — 


Put mn = a, bu = 8, am = b, Vr; then by ſph. trig. WL ＋ = cot. N= 


ſin. x 5 
fan 5 but fin. a —x = fin. 4 Xx cos. x — fin. x X cos. a; hence 
fin. @ x cos. & — fin. x x cos. & fin. „ ſin. a x tan. G — fin. x _ 


tan. 6 - tan. 3 tan. 5 + cos. a x tan. 8 cos. x © 
tan. x. This Rule is given by Mr. Buccs, Profeſſor of Aſtronomy: in the 
Univerſity of Copenhagen. See the Phil. Tranf. 1787. 
282. Fourth method. Let P be the pole of the ecliptic EC, am, bn two 


heliocentric latitudes of the planet, and produce ma, bn to P; then the angle 


at P is the difference of longitudes ; and in the triangle P, we know aP, bP 
and the angle b, to find the angle &; therefore in the right angled triangle 
Nbn, we know by and the angle b, to find Nu; and as the longitude of u is 


| known, the longitude of the node N will be known. 


Ex. To the 74ird method. Mr. Bux obſerved the right aſcenſion and de- 
clination of Saturn, and from thence deduced (124, 278) the Slowing heli» 
centric longitudes and latitudes. 
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1 


1784, Apparent Time Heliocentric longitudeſ Heliocentric latitude 
July: 12. at 12". 3. 11 9. 20%. 37, a9” T3. 1%. - 
£0, — 11. 29, 91 9. 20. gl, 3 8. , 41 
Aug. 1, — 10. 38. 25 9. 21. 13. 17 o. 1. 34 

, — 10. 9. 0 9. 21. 26. 2 8. 0.3 
| 21, — 9. 14. 59 9. 21. 49. 27 0. 0. 2 
27, — 8. 50. 19] 9. 22. o. 12 o. o. 27 8. 
31, — 8. 33. 47 9. $3. 7»; 23 d. o. 50 
Sept. 5, — 8. 13. 45 9. 22. 16. 28 9. 1. 41 
413. — J. 33. 45] 9. 33-34 32 ©. 1.20 
Oct. 8, — 6. 4. 23 9. #7. 19. Is | o. 3. 35 


In computing theſe heliocentric latitudes and longitudes, Mr. Bucct added 
the corrections for the perturbations, after the principles of M. LA BERT, in 
the Memoirs de Berlin, 1783. 

From the obſervations on Auguſt 21 and 27, by conſidering the triangles as 
plane, x = 445; from thoſe on 21 and 31, x = 42“, 5; and from thoſe on 
Auguſt 21, and September 5, x = 40“; the mean of theſe is x = 42”; Mr. 
BuccE makes x = 41”, probably by taking the mean of a greater number, or 
computing from conſidering them as ſpherical triangles ; hence the hehocentric 
place of the deſcending node was 97. 21*. 50'. 8”,;. Now on Auguſt 21, at 
9h. 12“. 26” true time, Saturn's heliocentric longitude was 9˙. 21% 49'. 27”, and 
on 27, at 8h. 49“. 23” true time, it was 97. 229. O“. 12”; therefore in five days 
23h. 36“. 57“ Saturn moved 10'. 45” in longitude ; hence 10'. 45” : 41” :: 5d. 
23h. 36'. 57” : 9h. 7. 44” the time of deſcribing 41” in longitude, which there- 
fore added to Auguſt 21, 94. 12“. 26”, gives Auguſt 21, 184. 200. 10” the time 
when Saturn was in it's node. | 

283. To determine the inclination of the orbit, we have hn the latitude of 


the planet, and N it's diſtance upon the ecliptic from the node; hence fin. IN 


: tan. n :: rad. : tan. of the angle V. But the obſervations which are near 
the node muſt not be uſed to determine the inclination, as a very ſmall error 
in the latitude will make a confiderable error in the angle. If we take the 
obſervation on July 20, it gives the angle 2*. 38“. 15”; if we take that on Octo- 
ber 8, it gives the angle 25. 22“. 13”; the mean of theſe is 2% 300. 14” the in- 
clination of the orbit to the ecliptic. To get the inclination accurately, we 
muſt, after having ſettled the place of the node, obſerve a latitude and longitude 
at a confiderable diſtance from it. From the obſervations of Dr. Masx E- 
LYNE, M. de LaMsRE found the place of the node on July 12, 1784, to be 
3˙. 21“. 48. 15“. 

On 
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On December 12, 1 Joa, at 18h, 50 at Paris, Jupiter was obſerved in oppoſi- 
tion in 2˙. 21. 26“. 22” with 28“. 10” ſouth latitude; and on January 14, 1706, 
at 167: 2“ it was in oppoſition in 3˙. 2. 400. 40“ with 29“. 56” north latitude 
ſeen from the earth. Now at the firſt and ſecond obſervations, the diſtance of 
Jupiter from the ſun was to the diſtance of the earth as 51144 to 9839, and 
52506 to 9840 ; hence (278) 51144 : 41305 :: 28'. 10“: 22“. 45 and 52566 

: 42726 :: 29/. 56“: 24. 20” the latitudes ſeen from the ſun at the reſpective 
oppoſitions 3 ; alſo the difference of the _ 8 ws'y 3*. 14. 18”; hence 
(281) 22“. 45" T2. 20“: 22. 2 „ which added 
to 2*. 21*. 26'. 22” gives 3%: 7. 29. 56 18 es of the aſcending node from 
theſe obſervations, according to M. CAssix I. It is difficult to determine 
accurately the place of Jupiter's node on account of the ſmall inclination of it's 
orbit. M. de Lamsre, from obſervations in 1775, 1776, 1777; 1782 and 
1783, found the longitude of the node in 1783, to be 3*. 8“. 14. 

On May 3, 1700, at 12h. 24, Mr. FLAaMsTEAD found the latitude of Mars 
to be 100. 9“ north; and on May 10, at 114. 48' to be 10'. 13” ſouth. Now 
as the correſponding longitudes are not given we muſt proceed thus. The 
time between the two obſervations was 6d. 23/4. 24; hence 100. 9g” + 10'. 13” 
10“. 9“ :: 6d. 23h. 24 : 3d. 11h. 40, which added to the time of the firſt ob- 
ſeryation gives May 7, oll. 4 for the time when the planet was in it's node, at 
which time, by calculation, it's place was in m 17. 23“. 13”. Now the place 
of the planet computed at the time of oppoſition was in m 189. 5 conſequently 
the difference 41“. 47” ſhows how much the computed place at the time of 
paſſing the node wanted of the computed place at the time of oppoſition, or 
the difference of the two places at thoſe times ; but the obſerved place in oppo- 
ſition was in m 18%. 6', from which therefore ſubtract 41“. 47” and we have 
m 17%. 24. 13” for the true place of the deſcending node. In this manner we 
may always correct a computed place, if we have an obſerved place near to it. 
In the Phil. Trauſ. for 1799, Mr. Buc6G6z makes the place of the alcending 
node to be 1*. 177. 54. 24“ for December 7, 1783, which is 100. 35” greater 
than the place by M. Cass1x1, 23“. 27” greater than by Dr. HALLEY, and 2” 
leis than by M. de la LAN PDE in his laſt Tables. 

On June 11, 1705, at 1h. 14', the latitude of Venus was 5. 35“ north; and 
on June 12, it was /. 35“ ſouth at 14. 5% By calculation the true Places of 
Venus ſeen from the ſun at thoſe times was # 125 22. 3% avd # 14˙. 575 1% 
the motion of ure was therefore . 345 55” in tlus interval; hence 5. 35" + 
7. 5 15. 35-32 1% 34-55; 0. 15”, which added to the place at the firſt 
e 8 145. 2“. 52” for the place of the node. Mr. Bucct 
in the Phil. Tranſ. 1790, determined the place of the deſcending node of Venus 
on Auguſt 25, 1786, to ve 8, 14% 44. 38”, which is 3“ 530 leſs than by M. 

a Cass INI, 
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Cass1N1, 1“. 59” greater than by Dr. rden and 36“ leſs than by M. de la 


LANDE in his laſt Tables. 
In like manner, the place of the node of Mercury may be determined; but 


the beſt method of finding the place of the nodes of Venus and Mercury is from 
their tranſits over the ſun's diſc, as will be explained when we treat on that 


ſubject. 


LONGITUDES OF THE NODES FOR 
1750. 


—— — — 
a —— A 7 


„„ — ld. * * 8 *4 «a 


Planets '| M. Cassint | Dr. HALLEY |M. de la Laxvr 


— a... 4. 


Mercury 1“. 15% 25. 20'|1'. 15% 21. 58'| 1. 15% 20, 43" 


? —— 


Venus fz. 14. 27. 45 [z. 14. 23. 4. K 14. 6.9 


Mars I. 17. 45. 45 fl. 17. 56. 21 | I. 17. 38. 38 


{Jupiter z. 7. 49. 57 f. 8. 15. 49 3. 7. 55. 32 | 


_—_ 


Saturn 3. „ i.. 473): 32-20. „ $1» UM. $2 


M. de la PLAck found the place of the node of the Georgian Planet in 
1788 to be 2*. 12% 47. 


To find the Inclination of the Orbits of the Planets to the E cliptic. 


284. Firſt method. The moſt ſimple method is to obſerve the latitude of 
the planet when it is 90e from it's node, and then reduce (278) the latitude ſeen 
from the earth to that ſeen from the ſun, and you have the inclination. 


28 5. Second method. Obſerve the latitude and longitude of the planet at Ft. 
any other time when it is at ſome diſtance from the node, and reduce them 61. 
(278) to the latitude and longitude ſeen from the fun ; then the place of the 
node being known, the diſtance of the planet in longitude from the node will 
be known; and in the triangle u, we know Eu, N. therefore ſin. aN : tan. 
bn :: tad, : fin. of the angle Nu; the further the planet is from the node, the 
ſmaller will be the error in the angle, any given error being made in the lati- 


tude. 


286. Third 
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286. Third method. | Let P be the place of a planet in it's orbit, Nu the 
line of the nodes, E the earth in that line; draw Pw perpendicular to the eclip- 


tic, and Pr, vr perpendicular to Nu; then (13) the angle Pro i 15 the inclina- 


tion of the orbit. Now rv : vP':: rad, :'tan. Prov 
. | P: E:: tan. PEV: rad. FF: 
| rv: vE :: tan. PEv : tan. Pro; but rv : . : fin. 
vEr : rad. hence, fin. vEr : rad. :: tan. PEV: tan. Prv, that is, the / rae of 
the difference of the Jonigitudes of the 85 and planet ſeen from the earth : rad. :; tan. 
of the geocentric latitude : tan. of the ae. 

* 

Ex. On January 11, 1747, at 184. G. 33”, M. de la CariLLs obſerved the 
longitude of Saturn to be 6*. 26% "12". 52”, and the ſun was then in gf. 21% 47 
in the node of Saturn, or at leaſt within about 12“ of it; alſo the obſerved la 
titude was 25. 29 18“ north; hence of. the third method, fin. 8 5. 34. 8“: 
rad. :: tan. 2% 29. 18” : tan. 25. 29“. 45“ the inclination. CassIN1, from the 


mean 5 of 7 determinations, makes it 2%. 30. 33”. M. de la LAx DE from Dr. 


MASKELYNE's obſervations in 1775, 1776, 1777, makes. it 2%. 30% in his Ta- 
bles he makes it 29. 295 r = M. de gi nag regs 9 it P29. 55, 
for 1750. n a 5 


On March 28, 1661, Jupiter was, according to „ in 3 58' in 
oppoſition to the ſun, diſtant only about 15. 3o' from it's greateſt diſtance from 
it's node, and with 1*. 38“. 25”. apparent louth latitude. Now the diſtance of 
Jupiter from the earth was to it's diſtance from 55 ſun as 44537 to 545353 
hence, by the firſt method, 54535 44537 :: fin. 1%. 38“. 2 5" : fin. 19. 200. 29” 
the heliocentric latitude, or the inclination cb the orbit; for the diſtance of 1 
30 from the greateſt diſtance of the node will not caufe an error of more than 2” 
in the inclination. From the oppoſition of Jupiter on April 6, 1768, M. de 
la LAxpE found the inclination to be 1“. 19“. 4”, Jupiter being then at it's 
greateſt latitude ; he makes it 1*. 18. 56“ for 1780 in his Tables, M. de 


'LamMBRE: makes it 19. 19“. 2” for 1750. 


On March 27, 1694, at 7. 4. 40“ at Greenwich, Mr. F LAMSTEAD deter- 
mined the-right aſcenſion of Mars to be 115% 48“. 55“, and it's declination 249. 
10“. 50“ north; hence (124) the geocentric longitude was & 23°, 26“. 12”, and 
lat. 2% 46“. 38“. Let S be the ſun,” E the earth, P Mars, v the place duced 
to the ecliptic. Now the true place of Mats (by calculation) ſeen from the ſun 
was 9..28*. 44', 14”, and the place of the ſun was . 34“. 2 5”; hence, ſub- 
tracting the place of the ſun from the place of Mars ſeen from the carth, we 
have the angle vES between the ſun and Mars 105%. 51'. 47”; and the place of 
the earth being * 7%, 34. 2 if , take from it the place of Mars, and we have 


the 


W 
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ORBITS'OPF THE YLANETS TO THE ECULIPTIC. 


the angle ESU = 38. 5o'. 11”; hence, (278) fin. 1057. 51“. 47” : fin. 38*. 50“. 
11“ :: tan. PEv = “. 46; 38" it tan. PS =1*®, 48“. 36“. Now the place of 


the node was in 8 17%. 15, which fubtracted from & 28˙. 44. 14” gives 101. 


290. 14 for the diſtance vN of Mars from it's node; hence-fn- UN 1017. 

297, 14“: tan. PY 1* 48. 36“ 1 rad.: tan. PNv ='1*% 50, 50“ the inolina- 
tion of the orbit. Mr. Bu66t makes the inclination to be 1. 50, 130) 56, for 
March, 1788. M. de la Lanvz makes rr 


* w_b 


The inclination of the orbit of Venus N, may be very accurately ad. 


mined, when-Venus-is about 90. Bees node A, and.in it's inferior conjunc- 
tion; becaufe at that time it being abbut three times nearer to the earth than to 
the fun §, any error im taking the apparent latitude will not cauſe an error of 
above one third part theresf in the indlmation: ' Let E be the earth, and 
draw Vr perpendi oye 49 the egliptic. ' On September 2, 1700, the latitude 
of Venus, in inferior conjunction, was. obſerved at Paris to be 8˙, 40. 15” 8. 
and it's longitude ſeen from the fun was 11“. 10%. 20“. 20”, — 
it Was 867.2 2. ftom it's node. Now at that time, SF was to. SE as 72769 to 
100750; hence'92769 : 100750 ft fin; SEV g', 40. 15” : fin. rez. : 
57. 7%; therefore the angle ESP, or Vr, is 3e. 22“. 38”, and as rN=86*. 22“, 
fin. 86*. 22: tan. 3“. 22. 38“ :, rad. : tan. V Nr “. 23. 5% By a like ob- 
ſervation on Auguſt 28, 1716, the inclination was found. to. he 20 23˙ 10”, 
Mr. Buse makes it-3%:23'. 38,610 1784. M. de la Lays, from two ob- 
ſervations in 1780 and 1982, makes it 3. 235 35“ for 1799. 4 
On July 16, 1731, at 10h. 32“, 47” in the morning, M. Cassurr de- 
! the place of Mercury ſeen: from the earth to be s 3˙/ 2. 35”, with 2*: 
20. 20” ſouth latitude. Let $ be the ſun, E the earth, v the place of Mercury 
at M reduced to the ecliptic, N the node. By calculation, the true place of 
Mercury ſeen from the ſun was 3 . 54.9“, and the place of the node N 
was 8 15*. 107, conſequently vN = 49. 15. 51”. Now the ſun was in & 23 7e. 
130, 12”, from which take the een place of Mercury 37. 2'. 35”, and we 
have the angle SE = 20%. 100 37% Subtract. the place of the earth vs 237. 
13. 12” from the true place of ary * 25% 54. 95 and we have the angle 
net. 400. 567”; hence the fine SEv = 2090. 100. 37" : fine ESU = 62˙. 
400. 57 :: tan. A 27, 2. 20“: tan. MSv,, or Mv, = 5*. 15. 30”; and 
fine Nv = 49% 1561“ : tan, MU = 5 . I5'. 30“ :: rad. : tan. vNM = 6. 57 
58” the inclination. He fixes it at 5%. M. le GENT obſerved Mercury in 
the meridian on October 5, 1750, and found it's apparent longitude 217%. 18, 
19”, with 2%. 500. 23” ſouth latitude ; alſo the place of the ſun was 6*. 12. 8“. 
52",5, and the angle EvS of commutation 78%. 31. 23",5 z hence the helio- 
centric latitude was 6*, 31 2 3", and from thence the inclination 4*, 1. Dr. 
HALLEY makes it 6*. 59'. 200“. M. de la LAxpE employs 7 in his Tables. 
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257 But the inclivatios of the grdics are ſubject to a variation, arifing 
from their mutual attractions, as we ſhall” afterwards. explain. This varia- 
tion is too ſmall to be determined with ſufficient accuracy from obſervations; 
but by theory, M. de la Graxcet' has found it to be as follows; for Saturn 
223711; ; for Jupiter 27,19; for Mars + 345 for Venus er; for 
Oy 1200743 3 this is the variation in 100 algal . % 308 
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| 288. The motion of he ode is Bund, by comparing their 8 at two 


different times; or it may be determined by nn as we ſhall afterwards 
explain. * 

ProLtemy andes that in the year 136 Saturn was at it's greateſt 
north latitude at the beginning of Libra, and conſequently the node muſt have 
been in the beginning: of Capricorn; now in the year 1700 it was in 217. 13“. 
30"; hence it had advanced 217. 13'. 30“ in 1564 years, or at the rate of 48”, 
51” in a year, and 1*. 21”. 26” in 100 years. But as a variation of ſeveral de- 
grees in the place of the node would have but a very ſmall effect on the latitude 
when near it's greateft, the obſervation of PFozLEMY cannot be depended upon 
for this purpoſe. On March 1, 228 before J. C. Saturn was obſerved, by the 
Chaldeans, to be about 5 above the ſtar in the ſouth ſhoulder of Virgo, 
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marked y by BAT RR; from this M. Cass ix found the place of the node 
to be 2. 21, which compared with the place in 1720, gives 56”. 26” for the 
yearly motion. BULLI1ALDvUs mentions an occultation of Saturn by the moon 
in the year 503, from whence he found the place of the node to be 3“. 125. 
36'. 21”; in the year 1969, M. de la Lanpsz found the place to be 3“. 21*. 
400. 47”; this gives 25”. 48” for the yearly motion of the nodes. Tycnro- 
BRAHRE obſerved Saturn very near it's node on December 29, 1592, from 
whence M. Cass1nT found the place of the node to be 3*. 20%. 21. 5”; this 
obſervation compared with the place of the node in 1700, determined to be 
3*. 21*. 13“. 30%, gives 29”. 24” for the annual motion. From four obſerva- 
tions of M. CAssIxI (which M. de la LAx DE thinks are moſt to be depended 
upon) reduced to the year 1700, the place of the node appears then to have 
been in 3˙. 21*. 11'. 20”; and comparing this with the place in 1769, the 
annual motion is 25”,6. M. de LamsrE makes it 33“ 3 5. M. de la GRAxGE 
makes it 29”, from the theory of attraction. M. de la Lanpsz makes it 317,7 
in- his Tables. 489 

M. Cass ix i found the place of the node of Jupiter in 1705, to be in 
3˙. 7*. 37. 50“. According to Prol Ex, the place of the node in his time 
was in the beginning of Cancer; this gives 17“ for the annual motion. By an 
obſervation on September 26, 508, in which Jupiter was in conjunction with 
Regulus, M. CAs six t computed the motion to be 24”. 37“ from the ſame obſer- 
vation. M. le GznTI1L calculated the places of the node from the obſervations 
of GassEND1, Dr. HALLE and himſelf, to be, in 1633, in 3*. 6*. 4. 50“; in 
1716, in 3˙. 7. 37. 30“; and in 1753, in 3˙. 8%. 21. 25”. The two laſt obſerva- 
tions give 66” for the annual motion; the firſt and laſt give alſo 66”; but theſe 
motions are too great, as they will not agree with other obſervations. From 
the mean of ſeveral obſervations made at Paris between 1692 and 1730, it 

comes out 34. M. de LamBRrE makes it 35“ ), which M. de la LAN DE has 
aſſumed in his Tables. M. de la GRAxOE makes it 31“ by theory. 

The place of the node of Mars on October 28, 1595, was found, from 
the obſervations of Tycno, to be in 8 16. 24. 33”; and on November 13, 
1721, M. Cassix1 found it to be in 8 172. 29“. 49”; theſe give 31“. 4” for the 
annual motion of the nodes. By comparing the ſame obſervation of Tycao 
with thoſemade at Paris and Greenwich 1n the year 1700, the former gives 
38”. 15”, and the latter 34”. 16”. In the year 139, ProLemr ſays the greateſt 
north latitude of Mars was at the end of Cancer, which gives the place of the 
node at the end of Aries; this compared with the place in 1721 gives 39“. 50”. 
M. Cass1Nx1 tkinks this latter is not much to be depended upon, and therefore 
takes the mean of the others, which gives 34”. 32” for the annual motion. Mr. 
Buck makes it 28”,2, M. de LAMBRE makes it 28”, which M. de la 
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LanDE employs in his Fables. M. de la Graxce makes it 25",4 "7 
theory. | 

The place of the ads of Venus in it's tanſi over the ſun in 1769, was 
found by M. de la Laxpz to be 2. 1. 36. 20”, with a probable error of 
not more than 30“. Dr. HornsByY calculated the place of the node in it's 
tranſit in 1639, from the obſervations of HoxROx, and ſound it to be 27. 139. 
27'. 50%, which gives 31% for it's annual motion. TI MOoCHARES, on Octo- 
ber 11, 271 years before J. C. obſerved » in the ſouth wing of Virgo to be 
eclipſed by Venus; from this obſervation, M. CAss ix found the place of the 


node to be 1*. 24. 2“; this compared wich the place in 1698 1 in a 1. 4. 45 


gives 36“, 3. The obſervations in 1639 and 1698 make it 34”; and as this 
agrees very nearly with the reſults from the obſervations in 1705, 1710 and 
1731, M. Cassixi fixed the motion at 34”. M. de la CATL LE, on Decem- 
ber 21, 1746, found the place of the node to be 20. 14”. 230. 10”; this com · 
pared with the place of the node obſerved by M. de la HI RE on October 31, 
1692, gives 38” for the annual motion. Mr. Buccz makes it 30,37. M. 
de la LAN DE makes it 31“, which he ue! in l Tables. NM. de la Grantor 
makes it 30“ 56 by theory. - 

The place of the node of N on 1 a 1631, was fan, 
from the obſervation of Gass EN Dr, to be in 8 13%. 300. 47“ and on November 


11, 1736, it was found to be in 8 15% 14. 5”; this gives the annual motion 


59”. 2”, According to the obſervations of HEVRLI Vs, the true place of the 
node on May 3, 1661, was in 8 14. 195 ; this compared with the obſervation 
in 17 36, gives the annual motion 43“. 42”; the mean of theſe is 51”. 22”. 
This is M. Cass1n1's determination. M. le GzxT1L, by comparing the place 


of the node in 1753 in dh 24. 14” with the place in 1677 in 8 145. a3; - 


found the motion to be 50% 21. M. de la Laxpe, by comparing the places 
of the node of Mercury found from it's tranſits over the ſun, makes it 43”, and 
theſe obſervations are moſt to be depended pon. He employs this in his 
Tables. M. de la GRAxGE finds it to be 41% 3 by theory. 

289. This motion of the nodes is in reſpect to the equinox; if e we 
ſubtract from each 50˙, 2 5 the preceſſion of the equinoxes, it will give the mo- 
tion in reſpect to the fixed ſtars, or the real motion. The motion in the fol- 
lowing Table is in reſpect to the equinoxes. 
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MOTION OF THE NODES IN ONE HUNDRED YEARS. 
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Planets | M. Cann : Dr. Hartley IM. de la LANDE 
Mercury 3 it 40 N 23. 20” | r. w. 10” 
Venus o. 56. 40 ; o. "bh 40 | o. ot, as = 

[Mars | 0. RY 4 "Fo 3. 20 o. 46. 40 Y 
K Jupiter . 1 9 & 1. 23. 20 +8. 59. 30 
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The Georgian Planet has not been diſcovered long enough to determine the 
motion of it's nodes from obſervation. M. de la GRANGE has found the 
annual motion to be 12”,5 by theory. But if we take the denſity of Venus 
according to M. de la LanDE, it will be 20“. 40”, which he uſes in his 
Tables. | 3 
Thus we have determined all the elements neceſſary for computing the place 
of a planet in it's orbit at ny time; but to facilitate the operation, which would 
be extremely tedious if we had only the elements thus given, Aſtronomers have 
conſtructed Tables of their motions, by which their places at any time may be 
very readily computed. The conſtruction and uſe of theſe Tables, we ſhall 
explain in the Introduction to the Tables in the ſecond Volume. 
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Art. 290. N March 13, 1781, between ten and eleven o'clock in the 

evening, as Dr. HERScREL was examining the ſmall ſtars 
near the feet of Gemini, he obſerved one conſiderably larger than the reſt, but 
it not being quite ſo brilliant, he ſuſpected that it might be a comet; in con- 
ſequence of which he obſerved it with different magnifying powers, from 227 
with which he diſcovered it, to 2010; and found that it's apparent magnitude 
increaſed in proportion, contrary to what takes place in the fixed ſtars. He 
therefore meaſured it's diſtance from ſome of the neighbouring fixed ſtars, and 
comparing it's diſtance from them for ſeveral nights, he found that it moved 
at the rate of about 21 in an hour. On this, Dr. HRRScHEL wrote immedi- 
ately to the Royal Society, that other Aſtronomers might join in obſerving it; 
upon which it was found and obſerved by Dr. MasxELYNE, who almoſt im- 
mediately declared, that he ſuſpected it to be a Planet; and on April 1, he 
wrote an account of this diſcovery to the Aſtronomers at Paris, ſo that it was 
ſoon obſerved by all the Aſtronomers in Europe. Mr. LEXELL was then in 
England, and applied himſelf to compute the orbit, upon ſuppoſition that it was 
a comet ; he therefore, according to the uſual manner in ſuch a caſe, ſuppoſed 
the orbit to be a parabola, and afſumed ſeveral perihelion diſtances 6, 8, 10, 
12, 14, 16 and 18 times the earth's diſtance from the ſun; and found that any 
perihelion diſtance between 14 and 18 would anſwer very well to the obſerva- 
tions. Boscovic printed a Memoir on the ſubje&, in which he ſhowed 
that there were four different parabolas in which the body might move, and 
yet the computed places would agree with the obſervations which had then 
been made. Other Aſtronomers however found that a circular orbit, whoſe 
radius was about 18 times the diſtance of the ſun from the earth, would agree 
better with the obſervations ; and this confirmed Dr. MAsXELYNE's opinion 
that it was a planet. Upon ſuppoſition therefore of a circular orbit, M. de la 
LANDE proceeded to inveſtigate it's magnitude from the following obſerva- 


tions. . de P Acad. Roy. des Sci. 1779. 


Time 


tie of obſervation . . April 25, 1781, FN 31, 1781, Dec. 12, 1781, 


T 
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12 f I at 94. 47: at 15% 33. | at 10h. 10, 


1 4 8 * 


Right aſcenſion obſerved 2˙. 25% 15. 27” TY 1" 084 3. 1%. 23. 31” 


North eclingti on obſ. | 43. . 34 23. 40. 25 23. Nen 47 
Longitude ONE 2. Wy 17 33 1 7 NN 28 
Lalirude north A 5 11 36 * 1 24 10 "RG 

Nutation in longitude The St +10 al + 8 Lt Fes +: 

en _ longitude | EH +2» | 3 Xe +2r i 7755 —18.| 

Sun's longitude Fom 34. 9. 19 tat. 21. 50 


. the mean equinox | 


Log of the fan's diſtance hp oe | 9.992993 


, 


. — — c —— — 


5 From theſe obſervations, M. de la LAN DE proceeded thus to find the: 
cireular orbit. He aſſumed the radius of the orbit, and then calculated the 
hehocentric places of the planet at the times of the firſt and laſt obſervation; 
conſequently the angle deſcribed by the planet about the ſun in that interval 
of 231 days 24 was known; and hence the time of the whole revolution was 
known by proportion, upon ſuppoſition that the orbit was circular. Next, 
knowing the radius of the orbit compared with the mean diſtance of the earth 
from the: ſun, he-calculated the periodic time by KzyLER's Rule (218); but 
as this time did not agree with that before found, he varied his ſuppoſition of 
the diſtance, until he found' they agreed, in which caſe. the radius of the orbit 
was found to: be 18, 931 times the mean-diſtance of the earth from the ſun, 
and. the duration of the revolution 82,37 years. This circular orbit therefore 
agreed to the firſt and laſt obſervations; and by computing from it the place 


at the ſecond obſervation, he found that it differed only 5” from the obſerved; 


place, which difference- might eaſily ariſe from the unavoidable errors in the 
obſervation. He then calculated 32 other obſervations made by Dr. Masxz- 
LYNE, MoNnNIER, MESSIER, MECHAIN, d*AGELET,, LEVESQUE and him- 
ſelf, and found they all agreed: very well, except in April 1 787, and July, Au- 
guſt and September 1782, the laſt differing move than two minutes. He then 
proceeded, as before, to find what radius would anſwer to the obſervation on 


. 25, 1781, and on. ny 21, 1782, at 15h,,-at Paris, when. the 
lon-- 


* 
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longitude obſerved was 3˙. 4*% 22. 39"; this radius he found to be 18,893, and 
the periodic 1 82, 12 years. But by uſing this d he found the calculay | 
tions to differ 1422 from the place obſerved i in oppoſition in December 

1781. This indicated an irregularity 1 in the motion of the planet; but the 

irregularity was too ſmall, and the obſervations too near together, to afford 

proper data for the inveſtigation of the orbit. M. de la LAND proceeded to 

determine the place of the node and inclination of the orbit but on account 

1 of the ſmall motion in latitude, great accuracy could not at that time be ex- 
5 | pected. The geocentric latitudes obſerved on April 25, and December 12. 
4 1781. were 11. 36” and 14. 54” north, which give the heliocentric latitudes 
17“. 69“ and 14'. 8“ and the motion in longitude being 22. * 35 between the 
obſervations, he found the place of the node to be 2. 125. 54, and inclination 

of the orbit o. 46. Again, the obſerved geocentric latitudes on April 16, 
1781, and March 26, 1782, were 11“. 48” and 15. 5", and hence the helio- 
centric latitudes were found to be 12 7 and. 15.10"; 15 the motion in Jon- 
gitude between the obſervations being 4*. 7'. 44”, the place of the node was found 
to be 2*. 12% 2, and the inclination o'. 44. "bo further. obſerves, that the pla- 
1 net was ſtationary 11 days before Dr. HRRSeHEL firſt obſerved it, and therefore 
. if his obſervations had been made 11 days ſooner, he would not have perceived 
bl | any motion, and the diſcovery might, M. de la LanvDe thinks, have been loſt. 
Ir is probable however, that if this had happened, the diſcovery would have been 
made; for from the ſingularity of it's appearance, which alone made Dr. HER- 
$CHEL pay attention to it, he would undoubtedly have continued to obſerve it, 
till he had diſcovered it's motion, which muſt very ſoon have been perceived. 
It having been found that the motion did not agree to that of any one circle, 
the next enquity was to determine the ellipſe in which it moved, ſuppoſing 
that, like the an ram} ir revolves in FRO a FO n 8208 ſun 1 in one 
of it's eit 10 2 

292. The mechcdb of Antag wh orbit of i a An as deſenbed -i in Wage 
XIII. are by three heliocentrie places and the times between, or by three diſtances 
from the ſun and the angles between. The firſt method may be applied from 
three obſerved oppoſitions; and to apply the other we muſt have five; but as 
the latter method is direct, and alſo ſo very ſimple when compared with the 
former, we ſhall prefer that, as there are now obſervations ſufficient for it; if we 
had wanted the elements of the orbit before there had been ſufficient data for the 
latter, we muſt have uſed the former method. By this, Mr.'RoprsoN, Pro- 
feſſor of Natural Philoſophy i in the Univerſity of Edinburgh,' has inveſtigated 
the elements of the orbit, in the Edinb. Tranſ. Vol. I. 1788; we ſhall therefore 
fully explain the principles and computations as given by him; the method is 
capable of great accuracy, ſo far as the obſervations are accurate, and may be 
* eaſily 


ON THE GEORGIAN PLAN BT. 


eaſily underſtood by thoſe who are well acquainted with pong the: Ter eos 
_ of Marhemirics and: MES 20 LN 


The oblereationsv upon a which the inveſtigation 1s founded are as follows eit 


eln SD v8 $34 61 [ 


T1. rue Tia at Edinburgh. try Lingitoda | N. Lat. 
td we 1786 Vs PU 3 3" 4 = O. 52“. 11“ WH A g 
16, 1782 4 8 8. 56. 56. 3. 5. 20. 29. 18. 56 
37,1783, .. . 0. 46. 244. J . Jai go en. % 
an- 3. 1785, . . 17. 28. 55 . iy. £3, 52! . 45. 40 
— 8, 1786, . 10. 39. REN 3. 18, 57 5 c 3 d. 3 


293. We have hore hs thaps of five fucceſlive doin as deduced ont 
obſervations, and the ' correſponding heliocentric longitudes and latitudes. 
Hence the the longitude of the node on January 1, 1786, was 2*. 12%: 480 
45”, and inclination of the orbit 46“ 26“. The place of the node and the 
inclination of the orbit being determined, the places of the planet reduced 
(268) to the orbit will be known, and thus we may find the arcs en 
in the orbit itſelf between the above oppoſitions. | 5 ) 

294. Mr. Rogisox next took the oppoſition on Datomber 37, 11 8 fos 
an epoch to which the other obſervations were to be reduced. The interval 
between this and the preceding oppoſition was 3694. 1 5. 49. 28”; from this 
oppoſition he counted back the ſame interval of time; and in like manner he 
counted forwards from 'the epoch two equal intervals ; thus he got four equal 
intervals of time, to which times he found the places of the 'planet 
upon it's orbit; and upon comparing their differences, he diſcovered that 
they had irregularities not conſiſtent with the mation of a body in an ellipſe; 
theſe therefore muſt have ariſen from ſome inaccuracies in the obſervations; and 
as, upon account of the ſmall intervals of the places, ſuch errors would be the 
cauſe of great errors in the elements of the orbit, it was neceſſary to correct 
theſe inaccuracies, ſo as to give the. differences ſuch a law, as near as poſſible. 


that they ought to have. 


295. The next conſideration was, upon what pringiple this — was to 


be made; and this was, by finding, as nearly as poſſible, about what part of the 
ellipſe the planet was in at the time of the above obſervations, and then by ob- 
ſerving in ſimilar parts of the ellipſes deſcribed by the other planets, what law 
the firſt and ſecond differences of the angles deſcribed in equal times obſerve. 


The places of the planet in the ecliptic at five points of time being known, it's 


place at any other point of time may be very accurately tound by interpolation. 
Now on March 6, 1782, at 64. 14. 56” mean time (at which time the planet 
Y Was 
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was ſtationary), it's apparent longitude upon: the ecliptic was! obſerved-'to be 
2*. 28%. 49. 27”; the heliocentric longitude was alſo! found by interpolation; 


hence the diſtance of the planet from the ſun came out 18,9053, the earth's 

diſtance from the ſun being unity. By interpolating the place of the planet 
for March, 7d. 64. 14.56”, it was found to have moved 43 436 5 in 24 
hours; but a planet revolving: about the ſun in a'circle whbſe radius is 18, 90 53, 
will have it's diurnal motion =A3 -»1047. Nox the angular velocity of a body 
in an ellipſe. is to the angular velocity in a circle at the fame diſtance, in the 
ſubduplicate ratio of half the latus rectum to the diſtance; hence the planet's 
diſtance from the ſun was lefs than half the latus rectum. Alſo by a like pro- 
ceſs. for April 1781 it. appears, that. at that time the angular motion of the 
planet exceeded, by a very little, the angular motion of a body in a circle at the 
fame diſtanee; therefore it's diſtance from it's perihelion could be but a very 

little leſs than 90. We find moreover, that the angular velocity of the pla- 
net about the ſun was continually accelerated at the time of the above obſer- 
yations; and therefore theiglanet was approaching it's perihelion. Now by ex- 
amining the Tables of the planet's motions in ſimilar ſituations, it appears that, 
in equal intervals of time, the firſt differences decreaſe very ſlowly, and the ſe- 
cond differences increaſe very ſlowly. Mr. Roz1sow therefore gave to the 
firſt differences a very ſmall diminution, and to the ſecond differences a very 
ſmall increaſe, and this correction was made without altering any of the longi- 
tudes: more thang”; for the firſt obſervation had it's longitude diminiſſed 1” ' 
the ſecond and third increaſed 2“, 5, and the fourth and fifth diminiſhed ſby 3“, 
and this muſt be allowed to be within the limits of probability. The times 
correſponding to the above mentioned equal intervals, and the correſponding 
corrected longitudes, cleared from the effects of aberration and ID; -and 
reduced to the nin and the Pony 4 eee are as follows 7 1. : * 


1 14 


True time at Greenwich, 5 25 "ate 


[Ive 21, 1781, 17. 200. 175 „ 3% G. . 80 
26, 1782, 9. 9. 45. 3. 6. 21. * 
— 31, 1783, o. 59. 13 ih. 80. 37, 5 
Jan. 3, 1785, 16. . I, 21. 34 
— 8, een 8. ws 95 — 18. 54. 58 
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From theſe data the elliptic orbit of che Planet is to be conſtructed. 


171 


296. Let 40 be the orbit, P the Peri $ the facin, A, B, C, D, E Fre. 


the places of the planet at the five oppoſitions; and draw. the chords and 
the radii. Now we may concewerthe chords AC; CE to be biſected by the 
radii SB, SD in x and g. For ſuppoſing therti to: be biſetted, the triangle 
ASx = CSx, and the triangle Rx = BNA, by Euchd B. IJ. P. 38. And 


the ellipſe being nearly a circle, Sx 1s nearly perpendicular to CA, and therefore 


the chords ; C, BA, and confequently the two ſegments,” will be very nearly 
equal; and each being alſo extremely ſmall compared with the triangles CS, 
ASB, the ſectors C SB, ASB will be very nearly equal, and hence the times 
from A to B, and from B to C, may be conſidered as equal, without any ſenſible 
error, and therefore B will be the place of the planet at the ſecond obſervation. 
In like manner, D will be the-place at the fourth obſervation. 

297. Let the given angles 4853 u, BSC=v, CSD.=x, DSE= y, 
ASC = w, CSE = Z; then AS : Ax :: fin. AxS : fin. 2, and Cx, or Ax: CS 


:: fin. V: fin. CxS or AxS; hence 48: CS:: fin. v: fin. 2.; in like manner, 


ES: CS :: fin. « : ſin. y; thus we know the ratio of 45, CS, ES, and the an- 


gles between them, conſequently the ſpecies and poſition of the ellipſe may 


(257) be found. The error ariſing from the ſuppoſition of the chords being 
biſected. is here ſo extremely ſmall, that it may ſafely be neglected; however, 
as Mr. RoB1soN has ſhown: how it may be corrected, I Mall explain the me- 


thod, as it may, upon other occaſions, be neceſſary. 
298. Biſect AE in F, AC in H, CE in &, and draw SHA, SFr, S Gd, OF, 


OGv, O being the center of the ellipſe. Since the angles & Ov, cSd are very 
ſmall, the triangles , dGwv are nearly ſimilar, and E d being conſidered 
as verſed ſines, they will be very nearly as the ſquares of the chords; hence 


the area cFk.; du:: F: d :: AE“: CE“. Naw by the property of 


the ellipſe, the area EF = ARF, alſo EF = = As; hence SFEE = AFS; 
add Fc to both, and ScE = AN FS& + Fe = SCA 4 2Fkc; therefore ScE 
—Sc4A'= 2Fkc; but as SCE CA, therefore Sc SA 2$Ce, conſe- 
quently Fæc = $Cc. For the ſame reaſon, 4Gv = Dad; but as SD, SC are 
| YA very 


65. 
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In like Idaniner Ha a point a as e was found, by taking Se: Sz 
fin. z, and a point o“ as o was found, by taking SE: So“ :: ſin. 20: ſin. z, and 
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very nearly equal, Ce: Dd :: area Sr: SDA : Fe: dOv AE! CE. 
And as the arcs 40, CE are very ſmall and Mp equal, therefore ÞF = Cr, 
and Gg rd very nearly; alſo AE: CE :: 2: 1 very nearly; hence ÞF ; Gg 
: 16: 1. For the fame reaſon, P: Hy :: wes x nearly. 

299. Let AB CDE be the true ellipſe; take Se: SC :: fin. x : fin. y, and 
Sa: SC i: fin. v: fin. a, and Se, Sa are the values of the firſt and laſt radii, as 
determined in Art. 297. conſequently Ee, Aa are the errors to be found. 


Now SC.: Cg :: fin. g: fin. x 
And Cg: Eg :: Cg: Eg 
N * Eg: SE fin. 9: n. g. ᷣ © 
SC: SE u C x ſin. y: Eg x fn. ang 
But 165 60 2 ſin. x: ſi 
85 SE Gy : ER e r Cos 
Ze. 5 3 Eg: 7 My By. 5 


In like manner, index 84 : 2: 95 Ax :: (becauſe the arcs AC, CE are very 


nearly equal) 2gG : Eg, EN as SE = A — ee Aa nearly. 


Now SE: Ee ſin. P: ſin, 2 
And Ep: 40 :: EV: 40 
Alſo AÞ : SA :: fin. w : fin. P 


. SE: SA:: Ee „ ſin. 20: AQ x fin. 2 
Aſſume SA: Se: : fin. 2 : fin. w 


. SE: So:: EO: 40 R, 
A: Eo :: EO: A Ep, ore. 


But as EA 1s nearly = 2 AC, EO = 2Eg nearly; alſo 207 = 32Gg; 
Hence SE: Eo 2 ER: 3 0. Eg: 8 9 
But Ee: SE:: 26g: Eg 

6 < #01 fads, Ah W. ee 


Make 92 * + 6 in. &: Yy 20, and then Sa: 5. 2: A: 9 therefore Aa : 


oe :: ba; Se; and as Se = Sa nearly, therefore Aa = oe nearly; but Aa = Ee 
nearly, nt ce Ze = os nos ; but Eo=—=8ZEe, hence e. 2 6Ee, and 


therefore Ee = nearly. 


6 


:: ſin. 20: 


by 
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by the ſame reaſoning it will appear, that 4a = =. Hence we have the fol- 


lowing conſtruction to obtain the three radii. Take CS of any valve; aſſume 
SC: Sa:: ſin. : fin. v, SC: Se :: fin. y: fin x, Se: Sa:: fin. w: fin. 2, and 
Sa: Se :: fin. : fin. w, Then make SA = Sa+ =, and SE Se >, and 
SA, SE will be the other two radii. Hence by Art. 257. the angle 759 
2*. 4*. 14. 53"; and the excentricity = 0,9006, the mean diſtance, being 
unity. Alſo (232) the mean anomalies correſponding to the true anomalies 
OSA, OSE will be known. Therefore the difference of theſe two mean anomalies 
:- 360* :: time from A to E: the time of a ſidereal revolution; and the ſquare 
of a ſidereal year: ſquare of this ſidereal revolution :: 1: the cube of the pla- 
net's mean diſtance from the ſun. Hence we deduce the following elements. 


Mean diſtancde . « 19,08247 
— -» -» !!!!! 99888 
i 222 „10% „n 
Mean anomaly at K 7. , 32.615 
Long. of aphelion Ht. 3. 8 
Var, of the 7 eds. e ee a f 2. — 6 - 
Incision of the orbit tee. „0. 16. 25 
nne. 3. 26. 56,6 


300. Theſe elements, ſays Mr. Roz1son, are as accurate as the obſerva- 


tions on which they are founded can give them ; and agree at preſent (1788) 
very well with the obſervations, the differences being as often as much in defect 


as in exceſs; but as the obſervations were made fo near together, it cannot be 


expected that this agreement will laſt for a long time. As they may be found 
to vary from obſervations, they may be corrected by Art. 267. without comput- 
ing them over again. The ſtar Ne. 964. obſerved by MAYER in 1756, is not 
now to be found; and by compuring the place of this planet for the time of 
his obſervation, Mr. Roz1son found the planet to be only 3“. 52” weſtward 
of the ſtar, and 1” northward, from which he ſuſpected that it might have been 
this planet which MA ER obſerved. It will appear however that this was not 
the caſe. It was alſo conjectured by ſome Aſtronomers, that the ſtar Ne. 34, 


Tauri, of the Britiſh Catalogue, was the new Planet; but Mr. Rois ox, 


thinks this conjecture by no means to be admitted, as it cannot be made to 
agree with the elements. Mr. RogIsox has computed Tables of this planet's 
motion, and obſerves, that the deviations from obſervations made near the ver- 


nal tations are in defect, whilſt thoſe near the autumnal ſtations are in excels. 
| Hence 


174 


174 
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Hence it may be preſumed, that the mean diſtance and periodic time are 
ſomewhat too ſmall, and the aphelion too forward. This he did not perceive 
till after he had computed his Tables, and, he obſerves, the tafk was too tedi- 
ous to make the computations a- new. He therefore, publiſhes them, not in 
the perſuaſion that they are perfect, but becauſe they are more conſiſtent with 


obſervations than thoſe of M. de la Pra. E, and Oniani, the only e ones which 


* had then ſeen. © | | 14 


k 


l 
-- 
* 


The Elements given by M. de la PLACE, are, 


Mean longitude 1784 . «©  « + $4 14%:43\-18”. 
Aphellenmnm . H en Oo 2151 
—_— os >»: 5 ß 
T.. V 5: 0: Ge no Sandi Bol 
Inclination +. +. +. + - 4 +0 '-<. +. 0 Wd: 
Secular motion of the ho (©. + - 0. „„ i i 
| . - node? .. — * 26. 10 
Mean x diſtance FFFVVV SR 7 {19180358 0 


301. M. he la LANDE, in the Hifvire de I. Academie Royal dat Saen, 1787, 
has corrected theſe elements, after determining two diftances from the ſun, the 
angle, and time between. We ſhall explain the manner in which he has re- 
duced the Problem to theſe data. To examine more accurately the motion 
of this Planet, he ſettled, from the beſt obſervations, the eee of thoſe fixed 
ftars with which the Planet had been comparectct. 

302. Let S be the fun, E and F the places of the earth when the Planet 
was in quadratures at H and K. Now in the quadrature before oppoſition, 
the geocentric longitude computed was found to be greater than that by ob- 
ſervation, and in the quadrature after oppoſition, to be leſs. Draw SGH, SIK, 
and ſuppoſe G and I to be the computed places; then as the difference between 


the true and computed diſtances from the ſun cannot ſenſibly vary between the 


two quadratures, we may ſuppoſe GH = IK, and conſequently the angle HE G, 
=KFI; and as the difference between the true and computed angular velocities 
will not ſenſibly vary, we may ſuppoſe the true places to be at H and K, when 


the computed are at G and I. Hence, on the contrary, when the angles HE G, 


KF are obſerved to be equal, the true places will be at H and X, and the 
computed ones at G and f. Now the diſtance SG compared with SE. being 
given, and the angle SEG a right angle, if we aſſume the angle HEG = 10”, 
we ſhall find GH = 0,017. At the quadratures at E on November 21, 1788, 

METH the 
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the error HE G was found to be 23”, and the error KF in the preceding qua- 
drature May 8, was 20“; we will therefore take the mean 21“, fog each error; 
hence 10“: o, 017 :: 21",5 : 0,03655 the quantity by which you muſt aug- 
ment the computed diſtauce. in order to get the true diſtance. M. de la 
LanDE makes it 0,04. -Now.from the poſition of E and & in reſpect to E, 
as the computed geocentric longitude of G was diminiſhed 1“, 5, the correſ- 
ponding computed heliocentric longitude will be diminiſhed by about the fame 
quantity; ſubtract therefore 1”,5 from the computed heliocentric longitude, 
and you will have the true heliocentric longitude. Repeat the ſame for any 
other quadrature, and you will get the two diſtances from the fun, with the an- 
gle and time between. In this manner M. de la LAN DE found for October 8, 
1781, at 174. 9' the true heliocentric longitude to be 2*. 299. 58”. 43's and the 
diſtance 18,947 and for March 31, 1788, at 74. 38' to be 3˙. 299. 5, 46", and 
18,562. From which he corrected the elements in the T . in the following 
manner. 


303. Let SP, $ Abe the two given diſtances. Firft hypotheſis. Aſſume the Fits. 
mean diſtance as in the Tables; alſo a certain excentricity SC, and place A of 67. 
the aphelion for the ft ſuppoſition. Find from thence the two true anomalies 
at P and Q; and then compute the correſponding mean anomalies, and the diſ- 
tance SP, which will probably be greater or leſs than that which is given. 
Change the place of 4, until SP comes out the fame. Compute again from 
this new place of the aphelion, the two mean anomahes, and ſee how their diffe- 
rence agrees with that given in the Tables, and you have the error of the Tables. 

Second ſuppoſition. Change the excentricity SC, and compute again the diffe- 
rence of the mean anomalies, and you will have the error from this ſuppoſition. 
Then by the Rule of three, find the excentricity which gives no error, and you 
have an hypotheſis which repreſents the firſt diſtance and the two anomalies. 

Calculate from hence the ſecond true anomaly, which ought to be the ſame 
as that which we had after correcting the place of the aphelion ; if not, the 
excentricity muſt be varied until they agree. 

Compute, upon the firſt hypotheſis, the value of S, and obſerve the error. 

Second hypotheſis. Change the mean diſtance. This gives another difference 
of mean anomalies. Then, as in the firſt hypotheſis, vary the place of the aphe- 
lion and excentricity, until you repreſent the firſt diſtance, SP and the two ano- 
malies ; but the ſecond diſtance probably does not agree with obſervation. 

From hence, ſays M. de la LAxpR, by the progreſs of the errors of the 
two hypotheſes, I form a third hypotheſis which will repreſent each diſtance, and 
the mean motion between. Hence he deduced the following elements. 
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Mean longitude in 19784 .. . 3, 14%, 49% 14” 
%% 11 Hits? 7 3c 366th 130 
Equation 7 3 oo it's >! 5. „„ 47” 
Wen „bi „e alc it 
Man dilate.” b 4s £0! 16:3 Vs 19, 2033 
Tropical revolution 1 1. 

Sidereal revolution . . + 30737 " 


Theſe elements are formed from hive into conſideration the didoridan 
Hrces of Jupiter and Saturn, which M. de la LAxpE found neceflary; for 


otherwiſe the diſtances would be repreſented very well, when the longitude 


varied conſtderably. Theſe elements give the place of the planet different from 
the place of the ſtar obſerved by Mayer in 1756 by 11, from which we * 
conclude that that ſtar was not the Georgian Planet. 

304. To correct tlie place of the node, M. de la LAN DE found ds helio- 
centric longitudes on September 28, 1781, and March 8, 1788, to be 20. 290. 
51“. 24 and g*. 28. 48'. 49"; and latitudes 13“. 38” and 37". 20”,;. But the 
preceſſion of the equinoxes being 5. 24” in the interval, it muſt be ſubtracted 


from the difference of the longitudes to get the true motion in longitude, which 


was therefore 28*. 52. 1”; and the laſt latitude was diminiſhed 3“ for the ſame 


reaſon, but augmented 1” on account of the motion of the node; hence the 


place of the node at the beginning of 178 1 was 2*. 12%. 44. 12“, and the in- 
clination 460. 20”. 

30 5. M. de la GRAxcE makes the annual motion in n of the aphe- 
lion to be 53 242 3 and that of the node to be 12”,5. But if the denſity of 
Venus be ſuch as is ſuppoſed by M. de la LAxpE, the annual motion of the 
nodes will be 20”. 40“. 

Dr. HzR$sCHEL has diſcovered two fatellites belonging to the Georgian Planet; 


the elements of the orbits of which we ſhall give, when we treat on the Secon- 
= Planets, 
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ON THE APPARENT MOTIONS AND PHASES OF THE PLANETS. 


Art. 312. S all the planets revolve about the ſun as their center, it is 

manifeſt, that to a ſpectator at the ſun they would appear 
to move in the direction in which they really do move, and ſhine 
with full faces. But to a ſpeQator on the earth which is in motion, they will 


ſometimes appear to move in a direction contrary to their real motion, and 


ſometimes appear ſtationary ; and as the ſame face is not always turned towards 


the carth as towards the ſun, ſome part of the diſc which is towards the earth 
will not be illuminated. Theſe, with ſome other appearances and circum- 
ſtances which are obſerved to take place among the planets, we ſhall next pro- 
ceed to explain; and as theſe are matters in which great accuracy is never 
requiſite, being of no great practical uſe, but rather ſubjects of curioſity, we 
ſhall conſider the motion of all the planets as performed in circles about the 


fan in the center, and lying in the plane of the ecliptic. 


313. To find the pofirion of a planet when ſtationary, Let & be the ſun, 
E the earth, P the cotemporary poſition of the planet, XY the ſphere of the 
fixed ſtars to which we refer the motions of all the planets; let EF, P9 be two 
indefinitely ſmall arcs deſcribed in the ſame time, and let EP, F produced, 
meet at L; then it is manifeſt, that whilſt the earth was moving from E to F, 
the planet appeared ſtationary at L; and on account of the immenſe diſtance 
of the fixed ſtars, EPL, F2L may be conſidered as parallel. Draw SE, SF», 
SVP and S2; then as EP and FY are parallel, the angle FS PES= PwS 
- PES = ESF, and SPw- S9QF=SvF—-S9QF=PS9 that is, the cotempo- 
rary variations of the angles E and P are as ESF: PS, or (becauſe the angu- 
lar velocities are inverſely as the periodic times, or inverſely in the ſeſquiplicate 


ratio of the diſtances) as PA: SE* or as at: 18. But the fines of the angles 


E and P being in the conſtant ratio of @ : 1, the cotemporary variations of 
theſe angles will (as is well known) be as their tangents. Hence if x and y be 


the ſines of the angles E and P, we have K: :: 4: 1, and — — 
of 1 = V1-y 


| x 
5 2 * a, Boe © — Wo - 
: a* : I, Whence = = = ITED amd r Fer che ſine of the 


planet's elongation from the ſun W A 


Ex 


FIG. 
68. 
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Ex. If P be the earth, and E Venus; and we take the mean diftances of 
the earth and Venus to be 100000 and 72333, we find x = 0,48264 the fine 
of 28. 51“. 5”, the elongation of Venus when ſtationary, upon the ſuppoſition 
of circular orbits. 

For excentric orbits, the points will depend upon the poſition of the apſides 
and place of the bodies at the time. We may however get a very near ap- 
proximation thus. Find the time when the planet would be ſtationary if the 
orbits were circular, and compute for ſeveral days, about that time, the geocen- 
tric place of the planet, ſo that you get two days, on one of which the planet 
was direct and on the other retrograde, in which interval it muſt have been ſta- 
tionary, and the point of time when this happened may be determined by in- 
terpolation. The arc of retrogradation muſt manifeſtly be different in diffe- 
rent parts of the orbit. M. de la LAxpE has given us the following circum- 
ſtances reſpecting the ſtationary ſituations, and retrograde motions of the pla- 
nets. The r ſtationary, means the ſtationary poſition after the planet has : 
been direct; and the ſecond ſtationary, after it has been retrograde. The titles | 
aboye ſhow the places of the planet and earth in their orbits when the planet is ] 

firf ſtationary ; all other elongations at the time they are ſtationary, arcs and 
durations of retrogradation, muſt neceflarily be contained within theſe limits, If 
the time of retrogradation be ſubtracted from the time of a ſynodic revolution, 
the remainder gives the time in which the motion of the planet has been direct. 


MERCURY. 
e 5 in aphelion 
S in s S in Een 


* 
P i 
* 


Elongation at the fiſt ftationary 15%. 23“. 34” „ 
bets — ſecond ſtationary ; 16 5 0 
7 Arc of ET > >» +.1% 6.8 » - + . i. $t. 85 
Duration of retrogradation . , 21 days 12h. . . . '23days 12h. 


VENUS. 
ben '\ {{D i 6phalion 
O in aphelion © in periheſion 


| Elongation at the firft ſtationary 29% 6“. 42” 29. 25. of 
—— ſecond ſtationary 29. 40. 42: - 27. 41. © 

Arc of retrogradation © © + » I7. 12. 15 5 14. 35. 58 
Duration of retrogradation . .  43-days lab. . 40 days 21h, 


MARS. 
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MARS. 


& in perihelion 
S in * 


Elongation at the firſt ſtationary 4*. 25%. 3. 9” 
— - ſecond ſtation. 4. 26. 36. 51 
Arc of retrogradation . . . o. 10, 6. 11 

Duration of retrogradation 60 days 18 hours 


JUPITER. 


in perihelion 
© in ——_ 
Elongation at the firſt ſtationary 4*. O. /. 47” 
—— {ccond ſtation. 3. 26. 41. 49 
Arc of retrogradation „ vs ts. 
Duration of retrogradation . 116 days 18 hours 


SATURN, 


H in perihelion 
Sin n 
Elongation at the firſt ſtationary 3*. 209. 19'. 38“ 
——— ſecond ſtation. 3. 20. 45. 50 


Arc of retrogradation . . . ©. 6. 55. 44 


GEORGIAN. 


IK in perihelion 
O in en 
Elongation at the firſt ſtationary g*. 12%. 25' 
— ſecond ſtation. 3. 15. 5 
Arc of retrogradation , . o. 4. 13 
Duration of retrogradation . 151d. 123. 


®, 


s 


THE PLANETS. 


. : 


* o 


D - * 1 


& in aphelion 

© in perihelion 

4. 10. 18; 59” 
4. 8. 44. 20 
9. 10. „ 35.. 
80 days 15 hours 


Y. in aphelion 

O in perihelion | 
3˙ 24% 2“. 35 
3. 43. 36. 10 
o. 
122 days 12 hours 


* 39- 23 


h in aphelion 
©» porijation 
3˙ 17% 51. 5 
3. 17. 24. 48 
, o. 
Duration of retrogradation 135 days 9 hours . . 138 days 18 hours 


6. 40. 39 


FH in aphelion 

O in perihelion 
3*. 13% 3J' 
3 13. 47 
O. 4. $ 


149d. 183. 
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314. To find the time when a planet is ſtationary, we muſt know the time 
of it's oppoſition, or inferior conjunction. Let M and x be the daily motions of 
the earth and planet, and v the angle PSE when the planet is ſtationary ; 
then =, or 4— mn, is the daily variation of the angle at the ſun between the 
earth and planet, according as it is a ſuperior or inferior planet; hence nu, 


or u- , : v: 1 day: — or — the time from oppoſition or conjunction 


uv If 


to the ſtationary points both before and after, Hence the planet muſt be ſtati- 
onary twice every Hnodic * revolution. 


Ex. Let P be the earth, E Venus; then by the Example to Art. 313, 
the angle SPE = 28. 51, 5, therefore PSE = 13*; alſo 1 m 37; hence 37 
: 13* :: 1 day: 21 days the time between the inferior conjunction and the 


INT poſitions. 


315. If the elongation be obſerved when ſtationary, we may find the diſ- 
tance of the planet from the ſun, compared with the earth's diſtance, ſuppoſed 


2 4 3 th ; oy — 
. hence a + por” winds 7 = 
(if /S the tangent of the angle whoſe ſine is x) a —a=/*; conſequently a = 


- t* +7 Vit „upon the ſuppoſition of circular orbits. 


316. A ſuperior planet is retrograde in oppoſition, and an inferior planet in 
it's inferior conjunction. For let E be the earth, P a ſuperior planet in oppo- 
ſition ; then as the velocities are in the inverſe fquare roots of the radii of the 
orbits, the ſuperior planet moves ſloweſt; hence if EF, P be two inde- 
finitely ſmall cotemporary arcs, P& is lefs than EF, and on account of the 
immenſe diſtance of the ſphere YZ of the fixed ſtars, IA muſt cut EN in ſome 
point x between P and n, conſequently the planet has appeared to move retro- 
grade from m to n. If P be the earth, and E an inferior planet in infe- 
rior conjunction, it will have appeared to have moved retrograde from v to 20. 
Hence from this and the laſt Article, a ſuperior planet appears to move retro- 
grade from it's ſtationary point before oppoſition to it's ſtationary point after; 
and an inferior planet, from it's ſtationary point before inferior conjunction to 
it's ſtationary point after. | 

317. If S be the ſun, E the earth, venus or Mercury, and EY a \ tangent 
to the orbit of the planet, then will the angle SE be the greateſt elongation of 
the planet from the ſun; which angle, if the orbits were circles having the ſun 


A Snoaic revolution is the time between two conjunctions or oppoſitions of a planet. 
in 
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in their center, would be found by ſaying, ES : SV:: rad. ; fin. SEY, But 
the orbits are not circular, in conſequence of which the angle EVS will not be 

a right angle, unleſs the greateſt elongation bappens when the planet is at one 
of it's apſides. The angle SE is alſo ſubject to an alteration from the variation 
of SE and SV. The greateſt angle SE happens, when the planet is in it's aphe- 
lion and the earth in it's perigee; and the Jeaff angle S EV, when the planet is in 
it's perihetion and the earth in it's apogee. M. de la LAx DE has calculated 
theſe greateſt elongations, and finds them 47. 48' and 44. 57' for Venus, and 
28*, 20' and 175. 36' for Mercary. If we take the mean of the greateſt elonga- 
tions of Venus, which is 465, 22,5, it. gives the angle VSE = 43*. 37,5; and 
as the difference of the daily mean motions of Venus and the earth about the 
ſun is 37', we have 37“: 43% 37 „5 : I day : 70,7 days, the time that would 
elapſe between the greateſt elongations and the inferior conjunction, if the 
motions had been uniform, which will not vary much from the true time. 
318. To delineate the appearance of a planet at any time. Let $ be the Fic. 
fan, E the earth, / Venus, for example, a the plane of illumination perpen= 71. 
dicular to SY, Vd the plane of viſion perpendicular to EV, and draw av 
perpendicular to cd; then ca is the breadth of the viſible illuminated part, 
which is projected into cv, the verſed fine of V, or VZ, for Ve is the com- 
plement of each. Now the circle terminating the illuminated part of the pla- 
net, being ſeen obliquely, appears to be an ellipſe; therefore if cmdn repreſent the 
projected hemiſphere of Venus next to the earth, mn, ad, two diameters perpen- 
dicular to each other, and we take cy = the verſed fine of AZ, and deſcribe: 
the ellipſe mun, then menum will repreſent; the viſible enlightened part, as it 
appears at the earth; and from the property of the ellipſe, this area varies as cv. 
Hence, he * enlightened * the whole * l : the verſed fine of SVA: dia- 
meter. 

Hence Mercury and Venus will have the ſame phaſes from their inferior to 
their ſuperior conjunction, as the moon has from the new to the full; and the 
ſame from the ſuperior to the inferior conjunction, as the moon has from the 
full to the new. Mars will appear gibbous in quadratures, as the angle 87 
will then differ conſiderably from two right angles, and conſequently the verſed 
fine from the diameter. For Jupiter, Saturn and the Georgian, the angle 82 
never differs enough from two right angles to make them e gibbous, ſo 
that they always appear to ſhine with a full face. 

319. Let be the moon; then as E is very ſmall compared with PS, ES, 
theſe lines will be very nearly parallel, and the angle SV very nearly equal to 
SEV; hence, the vifible-entightened part. of the moon varies very nearly as the verſed. 


ſine of it's 8 


320. Drs 
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320. Dr. HALL Ex propoſed the following Problem: To find the poſition 
of Venus when brighteſt, ſuppoſing it's orbit, and that of 'the earth, to be cir- 
cular, having the ſun in the center. Draw Sr perpendicular to EVA, and put 
a = SE, BDS x =EV; yr; then þ—y'is' the verſed fine of the angle 
SYZ; and as the intenſity of light: varies inverſely as the ſquare of it's diftance, 


b-y 16.» : 
the quantity of light received at the earth varies as — == == ; but by 


Euclid, B. II. P. 12. a * + 2.7, pence j= DIES; ſubſtitute this 


7 4 — . . 


for * and we get the quantity + of light” to be as 1 — — 


——— ml 45 I | =a maximum ; put the fuxion us to nothing, and x = 


e253. Now if @ ='1, 6=,72333 as in Dr. Hart's Tables, 
then x = 43036; hence the angle ESV = 227%. 21; but the angle E& at 
the time of the Planet's greateſt elongation! 1 is 435. 40 hence Venus is brighteſt 
between it's inferior conjunction and it's greateſt elongation; alſo the angle 


SEP = 39. 44 the elongation of Venus from the ſun at the lame time. The 


angle 5 = SEAPES= 62. 5, the verſed fine - -of which is 0,53; radius 
being unity; hence (318) the viſible enlightened part: whole diſc :: 0,53 : 25 
Venus therefore appears a little more than one fourth illuminated, and anſwers 
to the appenience of the moon when five days old. The Giacheter of Venus is 
about 39” „and therefore the enlightened part is about 107,25. At this time, 
Venus is bright enough to caſt a ſhadow at night. T his ſituation happens 
about 36 days before and after it's inferior conjunction; ; for the daily variation 
of the angle ESY is the difference of the daily motions of the earth and Venus 
about the ſun, which (taking their mean motions) is 37; an angle ES there- 


fore of 22. 21 correſponds to about 36 days. It paſſes the meridian about 


2h. 31 before or after the ſun, according as we take the ſituation after or be- 
fore the inferior conjunction. If inſtead of ſuppoſing Venus and the earth at 


their mean diſtances, we ſuppoſe Venus in it's perihelion and the earth in it's 


apogee, the elongation of Venus when brighteſt would be 39. 6j and if Venus 
were in it's aphelion and the earth in it's perigee, it . be 40˙. 20, 


Memoirs de Berlin, 150. | 
321. If we apply this to Mercury, & = 3171, and x = RT "os the 


angle ESV=78*. 55/2; but the fame angle at the time of the planet's greateſt 
elongation is 67. 13's. Hence Mercury is brighteſt between it's greateſt elon- 


gation and ſuperior conjunction. Alſo the angle SE V a. 1844 the elonga- 


tion of Mercury at that time. A 
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322. When Venus is brighteſt, and at the fame time is at it's greateſt north 
latitude, it can then be ſeen with the naked eye at any time of the day; for when 
it's north latitude is the greateſt, it rifes higheſt above the horizon, and there- 
fore is more eaſily ſeen. This happens (32 5) once in about eight years, Venus 
and the earth returning to the ſame parts of their orbits after tha interval of 
time, 

323. Venus is a morning ſtar from inferior to ſuperior conjunction, and an 
evening ſtar from ſuperior to inferior conjunction. For let & be the ſun, E the 
earth, ACBD the orbit of Venus, arm, en, two tangents to the earth, repre- 
ſenting the horizon at each place. Then the earth revolving about it's axis 
according to the order abc, when a ſpeCtator 1 is at a, the part 1 Cm of the orbit 
of Venus is above the horizon, but the ſun is not yet riſen ; therefore Venus, 
in going from er through C to m, appears in the morning before ſun riſe. When 
the ſpectator is carried by the earth's rotation to c, the fun is then ſet, but the 
part M of Venus orbit is till above the horizon; therefore ervar in going 
from-# through D to s, appears in the evening after En . 

324. If two planets revolve in circular orbits, to find the time from conjunc- 
tion to conjunction. Let P = the periodic time of the earth, p = that of the 
planet, ſuppoſe an inferior, f = the time required. Then P: 1 day :: 360% 


7 the angle deſcribed 85 the earth in 1 day; for the ſame reaſon, 2 is the 


75 


angie deſcribed by the planer in 1 * ; 3 82 7 is the daily an- 
| gular velocity of the Planet from the earth. Now if Gs ſet out fee conjunc- 


tion, they will return into conjunction again after the planet has gained 360° 


360˙ 360*. 
| P 
* > This will alſo give the time between two oppoſitions, or between any 
two ſimilar fituations. ; 

325. To find the time when a planet and the earth return to the ſame point 


: 360® :: 1 day: P For a ſuperior planet, z = 


of the Heavens. Find, from a Table of their mean motions, a number 


of years agreeing to a complete number of revolutions of the planet. Now 
Mercury in 13 years, (of which three are biſſextiles) and three days, make 54 re- 
volutions and 2. 55” over; and the earth has made 13 revolutions and 2. 49 
over. In this time therefore the earth and Mercury return to the fame ſitua- 
tion in the Heavens, very nearly. It will be 13 years and two days, if there be 
four biſſextiles. Venus, after a ſpace of eight years, is found within 19. 32“ of 
the ſame place, and the earth within 4'. Mars, in 15 years wanting 18 days, 
has changed it's place 11*. 115. 26, and the earth 11“. 115. 38'; if there 
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have been four biſſextilos, it will be 15 years wanting 19 days. But in 79 


years and 4 days, ſuppoſing there are 20 biſſextiles, Mars returns to the ſame 


ſituation within 3. 39 „and the earth within 3. 48'. Jupiter in 83 years re» 
turns to the ſame point within 12“, and the earth within 6', The period of 12 
years 5 days approaches very near, for Jupiter has in that time made 4*. 47' above 
one revolution, and the earth 5. 1' above 12 revolutions. Saturn in 59 years 
and two days returns to the ſame ſituation within 15. 45, and the earth within 
1*, 41, M. de la Lawnpn, who has given theſe returns of the planets and 
carth to the ſame point of 15 ieren has alſo added the following GRAND 
Sanne 1 


On May 22, 1702, Pupiter and daun wor within 1, 4 of each other, 
Meet, Berolin. p. 217. 


On February 11, 1524. — Mars Jupiter and gn were very near each 


other, and Mercury not above I 6 ' from them, according 49 the Ephonierls of 


STOPFLER, | 2 11 2 ice 511. 


On © gar 11, 1840 2 3 Tupite and Saturn were within the 
ſpace of 107, 


— 


On March 17, 1725s SES Venus, Mars and upiter appeared vithin the 
ſame Wg Soverkr, Off. Mather. T. 1, p. 1 


on Becember 23» Fn venus, Mars and Jupiter were 22 * 1 ge wk 
other, | 


CHAP. 


C H A P. XVIII. 


ON THE MOON 'S MOTION FROM OBSERVATION, AND IT'S 
PHENOMENA. 


Art. 326. b (ig moon being the neareſt, and moſt remarkable body bo. 


our {ſyſtem next to the ſun, and alſo uſeful for the diviſion 
of time, it is no wonder that the ancient Aſtronomers were attentive to diſ- 
cover it's motions ; and it is a very fortunate circumſtance, that their obſerva- 
tions have come down to us, as from thence it's mean motion can be more 
accurately ſettled, than it could have been by modern obſervations only; and 
it moreover gave occaſion to Dr. HALLE, from the obſervations of ſome 
ancient eclipſes, to diſcover an acceleration in it's mean motion. The proper 
motion of the moon in it's orbit about the earth is from weſt to eaſt ; and 
from comparing it's place with the fixed ſtars in one revolution, it is found 
to deſcribe an orbit inclined to the ecliptic ; it's motion alſo appears not to 
be uniform; and the poſition of the orbit, and the line of it's apſides are 
obſerved to be ſubje& to a continual change. Theſe circumſtances, as they 


are eſtabliſhed by obſervation, we come now to explain; the phyſical cauſes 


thereof will afterwards become the ſubject of our conſideration. 


To determine the Place of the Moon's Nodes. 


327. Firs Method. Let AE be the ecliptic, 4 the firſt point of Aries, 
OL the moon's orbit, N the node, m the place of the moon in it's orbit when 
it paſſes the meridian on the day before it comes to the ecliptic, » the place 
when it paſſes the day after, and draw mv, aw perpendicular to EA. Find 
(124) it's latitudes mv, a on theſe two days, and it's longitudes Av, Aw; 
then mv+ nw : mv :: Vw :: VN, which added to AN gives the longitude 
of the node. To find the time when the moon 1s in the node, we have 
vw. : oN :: the interval of time between the paſſages of the moon over the 
meridian : the interval from the time of the firſt paſſage over the meridian till 
it comes to the node; this interval therefore added to the tune of that paſlage, 


gives the time of the paſſage through the node. 


AA 328. Second 


4 — «© ID. = 
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ON THE MOON's MOTION FROM OBSERVATION. 


328. Second Method. In a central eclipſe of the moon, the moon's place 
at the middle of the eclipſe is directly oppoſite to the ſun, and the 
moon muſt alſo then be in the node; calculate therefore the true place of the 
ſun, or which is more exact, find it's place by obſervation, and the oppoſite 
point will be the true place of the moon, and conſequently the place of it's node. 


Ex. M. Casstxi, in his Aſtronomy, pag. 281, informs us, that on 
April 16, 1707, a central eclipſe was obſerved at Paris, the middle of which 
was determined to be at 134. 48“ apparent time. Non the true place of the 
ſun calculated for that time was 0. 26*, 19. 17"; hence the place of the 
moon's node was 6˙, 26®. 19/. 17”. The moon . N 1 to ſouth 
n and —— this was $the CES node. 


329. 7 hird Mithed. To find the W of che ks by : a partial eclipſe. 
Find, by obſervation, the magnitude AB of the eclipſe at the middle, and 
ſubtract it from the ſemidiameter AD of the earth's ſhadow, and we have DB, 
to which add BC the ſemidiameter of the moon, and we have CD. Now at 
the time of a lunar eclipſe; we may ſuppoſe the angle CND = 5*. 17, from 
which it will never differ but a very little. Hence in the right angled triangle 


Oc, right angled at C, we have DC and the angle DNC, to find DN; 


and as the point D is oppoſite to the true place of the ſun, which is known 
by computation, the Place N of the node = be ens. 


Ex. on March 26, 1717, the middle of an eclipſe 1 was obſerved at Paris 
at 154, 16, and the digits ecli pled were T7 05 towards the north. Now the 
ſemidiameter of the moon was 15. 46”, and = of the ſhadow 42“ 43“; hence 
12 dig. :: 7 5 dig. :: 31“. 32” the diameter of the moon : 197. 8—= AB; 


therefore BD = 23. 35”, to which add BC =1 5. 46” and we have CD = 
39. 21”, which is ſouth, becauſe the ſhadow upon the moon is towards the 
north. Hence in the right angled triangle DCM, we have CD = 39. 21”, 
and the angle N=9g*. 17', conſequently DN=7%. 8.26”, which is the diſtance 
of the. center of the earth's ſhadow. from the aſcending node, becauſe the ſha- 
dow of the earth is on the north fide of the moon and the latitude is decreal- 
ing. Now the true place of the ſun at that time was o'. 6%. 20'. 43”, and 
therefore the true place of the center D of the earth's ſhadow was 6*. 6e. 20'. 
43”, to which add DN . 8'. 26” and we get the true place of the aſcending 
node of the moon to be in 6*. 13*. 29. g”.. M. de la Lanpe makes the 
Ke of che » aſcending node for 1780, to be 2', 0*. 3. 2. 

| On 


ON THE MOON'S MOTION FROM OBSERVATION. 


On the Mean Motion of the N odes. . 


330. To determine the mean motion of the aries, find'(327) 05 hid of 
the nodes at different times, and it will give their motion in the interval: 
We muſt firſt compare the places at a ſmall interval, to get nearly their mean 
motion, and then at a greater interval to get it more accurately. Now on 
April 16, 1707, at 134. 48 at Paris, the aſcending node was in o'. 26˙. 19'; 
and on March 26, 1717, at 154. 16, the place of the fame node was in 6“. 
13˙. 29; allo by an eclipſe obſerved. at the ſame place on September 9, 1718, 
at 84. 4, the place of the aſcending node was in 5*. 16. 40. From the two 
laſt obſervations it appears that the node is retrograde. Now the interval of 


theſe two obſervations was 53 1d. oh. 16. 48”, during which time the nodes 


moved retrograde through 267. 497, which gives the diurnal motion 3. 4 
If we compare the firſt and laſt obfervations, they give the daily motion 30. 10”, 
331. But to determine the mean motion of the nodes with greater accuracy, 
we muſt compare together more diſtant obſervations. Prol EMux, in his 
Almageſt, mentions: three lunar eclipſes, that were obſerved at Babylon by the 
Chaldeans. The firſt was total on March 19, 720 years before J. C. the 
beginning was at 7. zo“ in the evening, and the middle was at 94. 3o'. The 
ſecond was on March 8, 719 years before J. C. the middle of which happened 
at midnight, and the greateſt quantity eclipſed was 3 digits towards the ſouth. 
The third happened on Sepember 1, 719 years before J. C. the middle of 
which was at 81. 30“ in the evening, and the moon was eclipſed a very little 
| — than one half towards the north. Now it being uncertain whether the 
firſt eclipſe was central, M. Cassin1 takes the ſecond; and the difference of the 
meridians of Babylon and Paris being 24. 42', it gives the middle of the eclipſe ar 
Paris 94. 18“ in the evening. And, by computation (329), we find the center 
of the earth's ſhadow to be 87. 24'. 50” from the node. The middle of the third 
eclipſe happened at Paris at 5. 48', and M. Cass1x1 takes the digits eclipſed to 
be 64, and computes (329) the diſtance of the center of the ſhadow from the 
node to be 8*. 15. 28”. But we cannot tell from either of theſe obſervations, 
whether the latitude of the moon was aſcending or deſcending, and therefore 
we do not know at which node the eclipſes happened. To determine this, take 
the total eclipſe on March 19, the middle of which was at 94. zo“ at Babylon, 
or 6h. 48' at Paris, at which time the ſun's place, by computation, was 1 1*. 
21%. 27', therefore the moon's place, was 5*. 21%. 27%. Between this time 
and the eclipſe on September 1, there was very nearly 18 months, in which 
time the nodes had moved retrograde about 29®, which ſubtracted from the 
place of the moon in the obſervation. on March 19, which we ſuppoſe to be 
AA 2 nearly 
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nearly the ſame as that of it's mode, as the eclipſe was total, gives the place of 
the node on September 1, in'4*. 23, and the oppoſite node in 107. 23˙. 
Now the true place of the ſun at the middle of this eclipſe was 5*. 1*. 7”, and 
conſequently that of the moon 115. 1%. / Hence the place of the moon in 
this eclipſe was about 8 before the place of the node, and the moon being 


eclipſed on the north fide, this muſt have been the deſcending node. Hence 


if we ſubtract 8*. 157 the diſtance of the node from the center of the ſhadow 
on September 1, 719, from 117. 1. 7 the place of the center of the. ſhadow, 
we ſhall have 100. 222. 52/ for the place of the deſcending node on September 
1, 719 years before J. C. conſequently the true place of the aſcending node 
was 4*. 225. 52. Now the place of the aſcending node on September 9, 1718, 
at 84. 4 of the evening, was 5*. 16. 400; and as the motion of the nodes is 
retrograde, the node in this latter caſe wants 24*. 48“ of being up to the place 
of the node in the former caſe ; conſequently in this interval of time, which is 
2437 years (of which 608 were biſſextiles) 194 2k, 16, the nodes made a 
certain number of revolutions and 3 36% 12“ over. Now Art. 330. gives 
3. 10“ for the mean diurnal motion of the nodes, and ' conſequently in the 
above time, the nodes muſt, have made 141 complete revolutions; if therefore 
we divide 2437y. 19d. 21. 16' by 131 revolutions 3360. 12, it gives 67984. 
7h. for the time of a mean revolution of the nodes; hence if we divide 
67984. 1h. by 36 fd. it gives 19%. 19“. 45” for the mean motion of the nodes 
in a common year of 365 days; and if we divide 19˙. 19'. 45” by 365, it 
gives 3“. 10“. 38“ for the mean daily motion of the nodes. This differs only 
38” from the motion determined from the obſervations in 170) and 1718. 
The motion of the nodes is not uniform; certain equations therefore are ne- 
ceflary to be applied to the mean place in order to get the true place at any 
time. MaxrEx in his Tables makes the mean annual motion 19%. 19“. 431. 
If we examine the motion of the nodes from the eclipfes on March 8, and 
September 1, 719 years before J. C. it gives 30. 10”, 20” for their mean daily 
motion. We have no reaſon therefore to think, that the mean motion of the 


nodes is ſubject to any change. 


On the Inclination of the Orbit of the Moon to the Eclipric. 


332. To determine the inclination of the orbit, obſerve the moon's right 
aſcenſion and declination when it is 90˙ from it's nodes, and thence com- 
pute it's latitude (124), which will be the inclination at that time. Repeat 
the obſervation for every diſtance of the ſun from the earth, and for every 


poſition of the ſun and moon in reſpe& to the moon's nodes, and you will get 
the 
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the inclination at thoſe times. From theſe obſervations it appears, that the 
inclination of the orbit to the ecliptic is variable, and that the leaft inclination 
is about ge, which is found to happen when the nodes are in quadratures ; 
and the preatef is about 5. 18', which is obſerved to happen when the nodes 
are in ſyzygies. The inclination is found alſo to depend upon the ſun's 


diſtance from the earth. 


On the Mean Motion of the Moon. 


333. The mean motion of the moon is found ſrom obſerving it's place at 
two different times, and you get the mean motion in that interval, ſuppoſing 
the moon to have had the ſame ſituation in reſpect to it's apfides at each ob- 
ſervation; and if not, if there be a very great interval of the times, it will be 
ſufficiently exact. To determine this, we muſt compare together the moon's. 
places, firſt at a ſmall interval of time from each other, in order to get very 
nearly the mean time of a revolution; and then at a greater interval, in 
order to get it more accurately. The moon's place may be determined. 


directiy from een or deduced from an eclipſe. « 


1 NE: Sener in his Aſtronomy, pag. 294, ever, that on Sep- 
tember 9, 1718, the moon was eclipſed, the middle of which happened at 
83. 4, when the ſun's true place was 5*. 16. 40. This he compared with 
another eclipſe, the middle of which was obſerved at 84. 32“ on Auguſt 29, 
1719, when the ſun's place was 5*. 5. 47". In this interval of 3549. 28' the 
moon made 12 revolutions and 349%. ) over; divide therefore 3 54d. 28' by 12 
revolutions 349. 7', and it gives 27d. 7k. 6' for the time of one revolution. 
This is ſufficiently accurate to compare eclipſes at a greater interval. 


335. On March 26, 1717, the middle of a lunar eclipſe was obſerved at 
15k, 16' at Paris, when the ſun's place was of. 6*. 21. And on 
March 1 5, 1699, an eclipſe was obſerved, the middle of which was at 74 23 
at which time the ſun's place was 11“. 25%. 30“. In this interval of 
18 years (of which 4 were biſſextiles) 11d. 74. 5 35 the moon, beſides a certain 
number of revolutions, was advanced 109. 51'. This interval of 658 5d. 7h. 
53 divided by 27d. 7. 6 gives 241 revolutions and about 4, which ſhows. 
that the number of complete revolutions muſt have been 241. Hence if we 
divide 658 5d. 7h. 53' by 241 revolutions 109. 517, it gives 27d. 7k. 43˙. 6” for 
the time of one revolution. This will be ſufficiently accurate to give the 


time for the moſt diſtant eclipſes. 
336. The 
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336. The moon was obſerved at Paris to be eclipſed on September 20, 
2717, the middle of which was at 6k. 2'. Now Prorzur mentions. that a 
total eclipſe of the moon was obſerved at Babylon on March 19, 720 years 
before J. C. the middle of which happened at 94. 30', at that place, which 
gives 64. 48 at Paris. The interval of theſe times was 2437 years (of which 
609 were biſſextiles) 174 days wanting 46'; divide. this by 27d. 74. 43'. 6” and 
it gives 32585 revolutions and a little above 1. Now the difference of the 
two places of the ſun, and conſequently of the moon, at the times of obſerva- 


tion, was 6“, 6*. 12. Therefore in the interval of 2437. 174d. wanting 46 
the moon had made 32585 revolutions 6*. 6*. 12, which gives 27d. 71. 


43. 5” for the mean time of a revolution. This determination is very exact, 
as the moon was at each time very nearly at the ſame diſtance from it's apſide. 
Hence the mean diurnal motion is 13*. 10'. 35”, and the mean hourly motion 
32. 56“. 27” f. M. de la LAxpE makes the mean diurnal motion 132. 100. 
35",02784394- This is the mean time of a revolution in reſpect to the 


equinoxes. The place of the moon at the middle of the eclipſe has here 


been taken the ſame as that of the ſun, which is not accurate, except for a 
central eclipſe; it is. ſufficiently accurate, however, for this long interval. 
From the unequal angular motion of the moon about the earth, the hourly 
motion of the moon is ſubject to change from 29. 55 to 387. 22”; the ex- 
centricity of the orbit produces a variation of 30. 36”; the evection produces one 
of 42”, and the variation produces one of 40”. The corrections for all. the 
inequalities of the moon's motion will be found in the Tables of the moon. 

337. Hence to find the mean motion for any other time, ſay, the interval 
between the eclipſes 2437. 174d. wanting 46“: any other time:: 32 58 5 revo- 
lutions 6*. 6*. 12“: the mean motion in that time. This is more exact than 
taking the mean diurnal motion 130. 10. 35 and multiplying it by the time, 
as ſmall errors are thus multiplied and become conſiderable. M. de LAMRRE 
makes the ſecular motion to be 10*. 7. 53“. 12”, which M. de la LAN DPpE 
uſes in his Tables. MAYER in his Tables makes it 10˙. 7. 53“. 35% In this 
motion of 100 years, 25 are ſuppoſed to be biſſextiles. oy, | 

338. As the preceſſion of the equinoxes is 5o”,25 in a year, or about 4” 
in a month, the mean revolution of the moon in reſpe& to the fixed ſtars 
muſt be greater than that in reſpe& to the equinox by the time the moon is 
deſcribing 4” with it's mean motion, which is about 5”. Hence the time of 
2 ſidereal revolution of the moon is 27d. 7h. 43“. 12”. 

339. M. de la LAxpE has determined the revolution in reſpect to the 
equinoxes to be 27d. 7h. 43“. 4,6795, which does not differ :“ from the 
above; and hence he makes the ſidereal revolution 27d. 74. 43“. 1152 59. 
Hence the mean ſynodic revolution (324) is 29d. 121. 44. 2,8283. If we 


take 
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take unity to repreſent the mean motion of the moon in reſpect to the fixed 
ſtars, then will 0,0040218 53526 repreſent the motion of the node, found by 
comparing their mean motions ; hence, as the nodes move retrograde, the ſide- 
real revolution of the moon, 27d. 7h. 43“. 11”,5259, : it's revolution in reſpect 
to It's nodes ::'1,004021853526 : 1, the moon approaching the node with 
the ſum of the velocities ; hence the revolution of the moon in reſpect to the 
nodes is 27d. 5h. 5. 35,603. This is the determination of the mean revolu- 


tions to the beginning of this century. 


To determine the Place of the Moon's Apogee, and the E quation of it's Orbis. 


340. Compare the obſerved place of the moon at any time with: the place 
obſerved at any. time afterwards ; take the mean motion correſponding 
to the interval of time, and add it to the moon's place at the firſt obſer- 
vation, and the difference between that ſum and the moon's place at the 
ſecond obſervation ſhows the effect of the equation of the orbit between theſe two 
ſituations of the moon. Repeat this for a great many intervals, and mark thoſe 
where the difference between the ſum befare mentioned and the moon's true 


place is greateſt both in exceſs and defect. If the greateſt exceſs and defect be 


equal, it is a proof that at the time of the firſt obſervation, the moon was in it's 
apogee or perigee, and that it's true and mean places were the fame. In this 
eaſe each of. theſe differences is the greateſt equation of the moon's orbit. If 
the .greateſt exceſs and defect be not equal, half the ſum will meaſure the 
greateſt equation; and if from the greateſt equation we ſubtract the leaſt of the 
differences, we ſhall have the equation of the moon at the time of the firſt 
| obſervation. M. Cassini uſes the place of the moon as determined from. 
it's eclipſes, ſelecting thoſe which were proper for this purpoſe ;. and although 
the apogee has moved in the interval, yet, as the true and mean place of the 
moon always coincide at the apogee, it will not affect the concluſion, Elem. 
dq Afiron. pag. 297. ; 

341. Hence to find the place of the apogee,. let AM be the orbit. of the 
moon, A the apogee, P the perigee, C the center of. the orbit, T the earth in 
the focus, F the other focus, M the place of the moon at the time of the firſt 
obſervation ;. produce TM to R, take MR—= MF, and join RF. From the 
greateſt equation find (231) the ratio of AC to CT ; this being known, we 


have, TF: TR:: fin. TRF: fin TFR, or AFR; now FRT=43FMT the equa- 


tion of the moon at the firſt obſervation, upon the /imple elliptic hypotheſis 
(227); hence we know AFR, from which ſubtract FRT, and we get AT. AM 


the moon's diſtance from it's apogee.. 
342. Let 
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342. Let the firſt eclipſe, with which the others are to be compared, be'a 
total one, the middle of which happened at Paris on December 10, 1685, at 
10k: 38˙. 10“ mean time. The true place of the ſun at that time, by calcu- 
lation, was 8*. 19*. 40, and conſequently the moon's place was 21. 19“. 40. 
Let the next eclipſe be the total one on. May 16, 1696, the. middle of which 

was 124. 7, 56” mean time at Paris, and the moon's place was 7. 26“. 53 35 
Now in this interval of 10 years (of which 3 were biſſextiles) 1 57d. 11. 29'. 46”, 
the mean motion of the moon, omitting the complete revolutions, was 5˙. 12*. 
53, 100 this added to 2*. 19. 40, the place at the firſt eclipſe, gives 8“. 29. 
33'. 0” for the mean place at the ſecond eclipſe, the difference between which 
| and the true place 5. 26˙. 53". 35” is 55. 39“. 35”. The next eclipſe compared 
with the firſt was that on March 15, 1699, the middle of which was at 
71. 14 mean time at Paris, at which time the moon's true place was 5˙. 2 5*. 
28“. 41”. Now in this interval of 13 years (of which 3 were biſſextiles) 94d. 
20h. 35. 50”, the mean motion of the moon, omitting the revolutions, was 
3˙. 1*. 24. 47”; this added to 2*. 19%. 40', the place at the firſt eclipſe, gives 
5˙. 21*. 4. 47” for the mean place at this third eclipſe, the difference between 
which and 5*. 25* 28“. 41” the true place is 4*. 23'. 54”. Now in the former 
| caſe, the true place was leſs than the mean place by 5˙ 39%. 35, and in the 
latter caſe, the mean place is the leaſt by 4*. 23“. 54”. Theſe are the 
greateſt differences of all the ecliples between 1685, and 1720. Now the ſum 
of theſe differences is 10*. 3. 29”, and the half ſum is 5*. 1. 44“, 5 the greateſt 
equation of the moon's orbit deduced from theſe obſervations. And if from 
5. 1“. 44”",5 we take 4*. 23“. 54”, the leaſt difference, we have 37. 50% 5 for 
the equation of the moon at the time of the firſt eclipſe; and this taken from 
2*. 19%. 40, the true place of the moon at that time, gives 2*. 19®. 2. 10“ for 
the mean place of the moon on Dec. 10, 168 5, at 10h. 38“. 10“ mean time at 
Paris. This therefore may be conſidered as an epock of the mean place of 
the moon. This is the method uſed by M. CAssINx I. But the beſt method . 
is, to obſerve accurately the place of the moon for a whole revolution as often 
as it can be done, and by comparing the true and mean motions, the greateſt 
difference will be double the equation. If two obſervations be found, where : 
the difference of the true and mean motions is nothing, the moon muſt then 
have been in it's apogee and perigee. Max ER makes the mean excentricity 
©,05503 568, and correſponding greateſt equation 6. 18". $31”",6. It is 
6*. 18“. 32” in his laſt Tables een by Mr. IO under the direction 
of Dr. MAsKELYNE. 
343. To determine the place of the apogee, worm M. Caviar 8 e 
tions, we have the greateſt equation 5. 1“. 44,5, therefore (231), 57%. 17. 
0 527,25 : AC=100000 : Ons 4388 for the moon's excentricity. 
G Alſo 
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Alſo TF = 8776 : TR = 200000 :: fin, TRF=18' 55 25: fin. TFR, or 
_ AFR, = . 12. 20%, from which take TRF = 18“. 55% 25, and we have 
ATM 6. 53. 25” the diſtance of the moon from it's apogee; add this to 
2*. 199. 40“, the true place of the moon, and it gives 2*. 26*. 33'. 25” for the 
place of the apogee on December 10, 1685, at 10/4. 38“. 10“ mean time at 
Paris. This therefore may be confidered as an epock of the place of the 
apogee. 


344. If we compare the fame eclipſe in 168 5 with two others, one of whith 


happened on July 7, 1675, and the other on April 14, 1642, we ſhall get the 
equation of the orbit 3. 2. 14”, differing only 37“ from the other determina- 
tion. Alſo the place of the apogee at the eclipſe in 1685, comes out 2*. 2 52. 


57. 58”, which is 35.. 27” leſs advanced than by the former caſe. H the 


moon's place be determined by obſervation at any time when it is not eclipſed, 
the ſame method may be applied. 

345. It has been here ſuppoſed, that at the time of the eclipſes the moon 
-was at it's mean diſtance, and of the great number of obſervations which were 
compared in order to get the greateſt difference of the true and mean places, 
it is ſuppoſed that thoſe which gave the greateſt differences were ſo circum- 
ſtanced. Alſo, no other Inequalities have been ſuppoſed, but thoſe which aroſe 
from the excentricity of the moon's orbit. The way therefore to get at the 


greateſt accuracy is to make a great number of ſuch compariſons, and take 


the mean. 

346. The place of the moon's apogee may alſo be thus found. Take: a 
great many meaſures of the moon's diameter, when at, or very near, the full, 
with a micrometer, and reduce them to the meaſure at the ſame altitude, and 
note the times of obſervation; ſeek out amongſt them, thoſe which are the 
greateſt or the leaſt, and you have the time when the moon was in it's perigee 
or apogee. Or if you find two diameters equal to each other, very near toge- 
ther, the moon muſt have been in it's apogee or perigee in the middle point 
of time. Now at the apogee, the difference between the true and mean 
motion of the moon for every degree is about 5; and at the perigee, about 
5. 30”. Hence the places of the moon being known at the time when the 
two diameters were found equal, and the mean motion between the times 
being known, the mean motion from one of the times to the middle point of 
time between will be known; therefore, as the difference of the true and mean 
motion is known, the true motion is known from one of the times to the half 
interval of time, and conſequently the true place of the moon at the half 
interval, or place of the apogee or perigee, will be known. But on account 
of the great difficulty of meaſuring accurately the diameter of the moon, 
this method cannot be depended upon to a great degree of accuracy. 
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It was from obſerving the diameter of the moon, that HoxROx found 
the motion of the apogee was ſometimes in antecedentia, and ſometimes in 


conſequentia; and that the excentricity of the orbit muſt be variable, in order 


to account for the ſecond equation (349) obſerved by Pro Er. By this 
method, M. Cassint found, from the eclipſe on December 10, 1685, at 
10h. 38. 10“ apparent time at Paris, the place of the apogee to be 2*. 25%. 41“ 
30”. - From the mean of a great number of obſervations, he determined, at 
the above time, the place of the apogee to be 2*. 24. 32, and the greateſt 
equation . 58. 44”. But the excentricity, and conſequently the greateſt 
equation, is ſubje& to a variation; and the excentricity here determined is 
about the leaſt. According to MAYER, the mean excentricity is 0,05 503 568, 
and the correſponding greateſt equation 6*. 18“. 31,6. 


To determine the mean Motion of the Apogee. 


347. Find it's place at different times, and compare the difference of 
the places with the interval of the time between. To do this, we muſt firſt 


compare obſervations at a ſmall diſtance from each other, leaſt we ſhould be 


deceived in a whole revolution ; and then we can compare thoſe at a greater 
diſtance. Now we may either compute (343) the place of the apogee at ſeve- 
ral times, or we may find it from knowing the place once,. according to the 


following method, given by M. Cassini in his Aſtronomy, page 307. The 


place of the apſide has been determined for Dec. 10, 1685; and to find from 
thence it's place at any other time, obſerve the true place of the moon at 


that time, and find the mean motion correſponding to that interval, and add 


it to, or ſubtract it from, the place of the apogee on December 10, 1685, ac- 


cording as the time was after or before that, and you have the mean place of 


the moon at that time; the difference between which and the true place ob- 
ſerved, is the equation of the orbit at that time; if the mean place be forwarder 
than the true, the moon is in the firſt fix ſigns ; if backwarder, in the laſt fix. 
But the ſame equation may anſwer to two different mean anomalies ; this 


therefore leaves an uncertainty in reſpect to the place of the apogee. Now 


from the mean place of the moon ſubtract each mean anomaly, and it gives 
the place of the apogee correſponding to each; conſequently you get the 
motion of the apogee correſponding to each place thus found; and to 
determine which is the true motion, repeat the operation for ſome other time 
compared with the place of the apogee on December 10, 1685, and you will 
get the motion correſponding to two places again. Then compare theſe two 

motions 
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motions with the other two, and thoſe two which agree, muſt be the true 
motion. 

348. By has © comparing the place of the apogee on SG 21, 1684, 
at 10h. 55. 58“ apparent time, with the place determined on Dec. 10, 1685, 
M. Cassint found the time of a revolution of the apſides to be either 8 years 
and nearly 9 months, or about 3 yours: And by comparing the place of the 
apogee on Nov. 29, 1686, at 114. /. 18” apparent time, with the place on 
December 10, 1685, he found that the motion of the apſides, deduced from 
thence, came out, one between eight and nine years, but that the other motion 
did not agree with either of the former. The time of a revolution therefore 
muſt be about 8 years 9 months. The time being thus nearly determined, 
he computed the motion from more diſtant obſervations, and from a mean of 
the whole, he found the time of a revolution of the apſides to be 8 common 
years, 311d. 8h. and hence the mean annual motion is 1*. 10. 39“. 52”, and 
daily motion 6'. 41”. 1“. MaYER in his Tables makes the annual motion 
I*. 10% 39“. 5o”, This is the mean motion in reſpe& to the equinoxes. 
M. de la LanDet makes the daily motion, in reſpect to the equinoxes, 6'. 
41% 698 15. Hence he deduces the daily motion in reſpect to the fixed ſtars 
to be 6'. 40% 932238. If we take unity to repreſent the mean motion of the 
moon in reſpect to the fixed ſtars, then will the motion of it's apogee be 


repreſented by 0,00845226445, found by comparing their mean motions ; 


hence, as the motion of the apogee is direct, the ſidereal revolution of the 
moon, 27d. 1h. 43. 114947, : it's revolution in reſpect to it's apogee :: 
1 — , o084 5226445: 1, the moon approaching the apogee with the difference of 
the velocities; hence the revolution of the moon in reſpect to it's apogee is 
27d. 131. 18“. 3395. The motion of the apogee is not uniform, as 1s 
implied in this method of determining it's mean motion, and therefore it will 
be ſubject to a ſmall error, unleſs the equation ſhould be the ſame at both 
obſervations; this error may be corrected, by reducing the true to the mean 
place at each obſervation. HokROx, from obſerving the diameters of the 
moon, found the apogee ſubje& to an annual equation of 1255. Having 
thus explained the methods of determining the moon's mean motions, ſituation 
of it's apogee, and the equation of it's orbit, or firſt inequality, we proceed 


to ſhow how that, and ſome of the other principal inequalities were diſcovered. 


349. The motion of the moon having been examined for one month, it 
was immediately - diſcovered, that it was fubje& to an irregularity, which 
ſometimes amounted to ; or 6*, but that this irregularity diſappeared 


about every 14 days. And by continuing the obſervations for different 


months, it alſo appeared, that the points where the inequalities were the 
greateſt, were not tixed, but that they moved forwards in the Heavens about 
B B 2 3* in 
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3 in a month, ſo that the motion of the moon in reſpect to it's apogee was 
about To leſs than it's abfolute motion; thus it appeared that the apogee 


had a progreſſive motion. ProLEmy determined this frf inequality, or equa- 
tion of the orbit, from three lunar eclipſes obſerved in the years 719 and 720, 
before J. C. at Babylon by the Chaldeans; from which he found it amounted 
to 5*. 1' when at it's greateſt. But he ſoon diſcovered that this inequality 
would not account for all the irregularities of the moon. The diſtance of the 
moon from the ſun obſerved both by Hieyazcavs and himſelf, ſometimes 
agreed with this inequality, and ſometimes it did not. He found that when 
the apſides of the moon's orbit were in quadratures,. this j inequality would 
give the moon's place very well; but that when the apſides were in ſyzygies, 
he diſcovered that there was a further inequality of about 2%, which 
made the whole inequality about 95%: This ſecond inequality is called the 


Evection, and ariſes from a change of excentricity of the moon's orbit. The 


inequality of the moon was therefore found, by ProL Eur, to vary from about 
5* to 7%, and hence the mean quantity was 6% 20. MAYER makes it 6. 18“. 
31”,6. It is very extraordinary, that PToLEMyY ſhould have determined this to- 


ſo great a degree of accuracy. This mean quantity is the greateſt equation of 


the orbit for the mean excentricity, and is called the f/f equation. The 


Evection, or variation of the equation of the orbit from the mean equation, is 


at it's maximum 1% 20', 28”,g according to MAYER. Hence when the ap- 
fides are in ſyaygies, at which time the excentricity is found to be 
the greateſt, the greateſt equation is 7. 39. o“, 5; and when the apfides 
are in quadratures, at which time the excentricity 1s found to be the 
leaſt, it is only 4%. 58“. 2”,7, D*ARrZACHEL, an Arab, who. obſerved in 
Spain about the year 1080, from comparing the obſervations of ProLEMY and. 
thoſe of DAL BATECNIUS with his own, diſcovered that the apſides were 
fometimes progreſſive and ſometimes regreſſive ; and that the excentricity was 
ſubject to a change. KEPLER believed this to be the caſe. Horrox 
diſcovered the fame from his own obſervations ; he found that when the diſ- 
tance of the ſun from the apogee of the moon was about 45 and 22 5, the 


apogee was more advanced by 25˙ than when the diſtance was about 135 and 


315*, in ſuch a manner that the mean motion was not uniform, but ſubject 
from thence to an equation of about 12%5. He firſt made the moon revolve 
in an ellipſe about the earth in it's focus, and although {ome difficulties aroſe 
from this ſuppoſition, yet, he fays, he durſt not give up the hypotheſis. 

350. Tycno explained theſe irregularities thus. Let the earth be at 7 the 
center of the circle 5qxy, whole radius is 100000 ; Tr, the ſemidiameter of the 
circle det, 21741 the circle of excentricity, in whoſe circumference the cen- 
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ter of excentricity is fuppoſed to move in conſequentia Tde, with a motion 
equal to double the diſtance of the moon from the ſun; 5 the radius of 
the circle acbo = 5800; and om, the radius of mwzv, 2900. Let 3 = 90%; 
and let the moon move from it's ſyzygies and apogee at „ to qua- 
dratures at q, and conceive in the fame time the center of excentricity 
to move from T through d to e, with twice the angular velocity of the 
moon from the fun. Then, conſidering er as the mean place of the center, 
when the moon comes to q, the equation is the angle er i'. 15, which is 
to be ſubtracted in the firſt quadrature at , and added in the third quadra- 
ture at y; this will produce an inequality of 2% 30“, and account for the 
Evection. But inſtead of ſuppoſing the moon to revolve in the circumference 
$qxy, let the center of the circle oach revolve in conſequentia, and the moon 
revolve in antecedentia in the circumference obeca, and be at o when the 
moon is in it's apogee, and to deſcend through 4 and arrive at c when the 
moon comes to it's perigee; this will produce an inequality of 3. 197, which 
is part of the equation of the center. Laſtly, let us ſuppoſe the moon to re- 
volve in the circumference z in conſequentia, whilſt the center o moves. 
When the center is at o let the moon be at z, and when the center has moved 
to þ or a, let the moon be at ; this will produce an equation of 15. 400 
which added to the laſt gives 47. 59“. In this manner Tyco repreſented. 
the irregularities of the moon diſcovered by PToLEMY, who explained the 
Evedction, by making the center of excentricity deſcribe a circle det, and 
the equation of the center, by one circle obca, HorRrox explained the ſecond 
inequality thus. Let E be the earth, C the mean place of the center of the 
orbit, EB CA the correſponding line of the apſides, EC the mean excentricity 
of the orbit; and if we ſuppoſe the center of the orbit, inſtead of being at C, 
to deſcribe the circle ADB, and take the angle 40 D double the diſtance of 
the apogee from the ſun, then AED will repreſent the equation of the apogee, 
and ED the excentricity. Sir I. NEwTox followed the ſame hypotheſis. 
351. But Tycno being able to determine more accurately, from his obſer- 


vations, the true place of the moon, found that the place, computed from 


the above principles, would not agree with obſervations out of ſyzygies and 
quadratures, particularly in the octants, where the difference was the greateſt, 
and where he found it from 37 to 40“. Thus Tycho diſcovered a Hird ir- 
regularity, which he called the Variation. To explain this, he ſubſtituted 
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another circle zi, and gave the center of the circle obca a libratory movon in 


the diameter 1 perpendicular to T's, correſponding to a motion in the cir- 
cumference, which is double the diſtance of the moon from the fun. Thus, 
with the center 5 and radius equal to the variation, defcribe the circle iva; 
take hy = double the diſtance of the moon from the ſun, draw yp perp<ndi- 

| e cular 


Fis. 
76. 


198 


ON THE MOON's MOTION FROM. OBSERVATION. 


cular to ia, and where it cuts i in 5 will be the place of the moon corrected 
for the Variation. For the different methods by which the inequalities of the 
moon's motion have been repreſented, ſee Riccriorr Almageſium Novum. 
Sir I. NEwrox makes this inequality vary from 33'. 14” to 37% 11“, it Ge 
pending upon the ſun's diſtance. from the earth. HoRROx makes it 36“ 0 
in his Tables. MarYzk makes it 36“. 59“, 8. 

3352. Tycno alſo diſcovered another, called the annual equation, 1 it 
depends upon the diſtance of the earth from the ſun, the variation of which 
cauſes a variation of the effect of the ſun's action upon the earth and moon. 
Cassint makes this equation 9“. 44”. Sir I. NEwToN makes it 11“. 50“. 
Treo obſerved, that the mean motion of the moon, in order to be uniform, 
required an equation of days, different from that which the motion of the ſun 
gave; but this did not agree with the equation which we now employ. 
KEPLER alſo employed an equation for this purpoſe, which, he ſaid, aroſe 
either from the motion of the moon, or the equation of time. Horrox, 
after employing the three equations already mentioned, corrected the apparent 
time at which he would calculate the true place of the moon by the equation 
of time, additive in the firſt fix figns, which at the mean diſtance went as far 
as 13“. 24”, which is the fame as if he had added 7'. 21” to the mean longi- 
tude; at the ſame time, he neglected one part of the true equation, which 
would have been 7. 42” ſubtractive, in ſuch a manner that it would have added 
4. 14” to the place of the moon; theſe two would have made the whole 
11“. 35”, which agrees with. the annual equation. FLamsTEaD obſerved, that 
this equation of time was not the equation belonging to the ſolar ſyſtem ; 
nevertheleſs he granted that this equation ought to be .employed, which he 
ſays is peculiar to the moon, it being affected by the earth. Afterwards 
Dr. HALLEY obſerved that the moon moved faſteſt when the ſun was in 
it's apogee ; and he fixed this equation at about 1 35 MArER makes it 
117. 8',8. 

353. It is very eaſy to conceive how this annual equation might be diſco- 
—_ by obſervation. By computing the moon's place for a great many 
times in the year, allowing for the equation of the orbit, the evection and 
variation, and.comparing 1t with.the obſerved place, it would appear that they 


agreed very well about the beginning of January and July, but that they dif- 


fered conſiderably at the beginning of April and October. This would point 
out an equation. But beſides theſe four principal equations, the only ones 
deduced ſolely from obſervation, there are a great many others which are 
ſmaller, which are found by theory and corrected by obſervations. The 


theory of the moon muſt therefore be conſulted by thoſe, who would wiſh to 


have an intimate knowledge of the ſubject. We ſhall afterwards give ſo much 


of it, as is conſiſtent with the plan of this Work. 
354. Tycno 


; — 
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354. Tycho found that the motion of the nodes and variation of the in- 
clination of the orbit, were ſubject to an irregularity, and might be repreſented 
by the motion of the pole of the orbit in a circle ECFG, whoſe radius GD 
= '. 30”, half the difference of the greateſt and leaſt inclinations, the center 
D being ße. 8' from the pole A of the ecliptic, that being the mean inclination 
of the orbit, according to Ty cHoO, or mean diſtance of the poles of the ecliptic 


and moon's orbit. By more accurate obſervations, GD=8'. 48”, and the mean 
inclination 3e. 8“. 49”. - Let the pole of the lunar orbit move in the circum- 
ference. GEC, and be at & in ſyzygies and C in quadratures, and at F and K 
in octants, it's motion being twice the true diſtance of the fun from the moon. 
Then when the pole is at any point H, HA is the inclination, and the angle 
HAD the equation of the node, the angle ADH being double the diſtance 
of the moon from the ſun. At F this equation is the greateſt, and = 15. 46', 


found from the triangle DFA. Hence MAYER gave a method of find- 


ing the equation of latitude, of which the following is the inveſtigation, given 


by M. de la LAN DE in his Aſtronomy. 
355. Let L be the moon go? from the true pole E of it's orbit, D being 


the mean pole, draw LEM, and DM perpendicular to it; then as the angle 
DLM is very ſmall, we may ſuppoſe LD = LM, and conſequently EM 
LD—LE. Now as DA is very ſmall compared with DL, LE and LD will 
be very nearly circles of latitude, and therefore their difference EM, will be 
the equation of latitude, being the difference of the diſtances of the moon 
from the true and mean pole. 
paſs through the nodes, therefore LDB is the moon's diſtance from the node, 
or the argument of latitude, and which is equal to ADM, M being the com- 
plement of each; alſo ADE is twice the diſtance of the moon from the ſun, 

Now EM = ED x fin. EDM = ED x* fin. IBE ADM; that is, the equa- 
tion of the moon's latitude is 8“. 48” multiplied by the fine of double the diſtance of 
the moon from the ſun — the argument of latitude, Tycno, and after him 
FLAMSTEAD, HALLEY, NEwToN, &c. confidered the equations of the 


nodes and inclination ſeparately. 


Elements 


Draw DB perpendicular to AD, and it muſt 
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Elements of the 7 heory of the Moon according to Obſervation. 
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KerLER and Horrox 7 .,. . 10. of, 486 G1. 


Secular motion for | NgewTox, FLanstEAD and HALLEY 10. 
, cients is» oc 10, 
25 are biſſextiles MaYER, (ſecond Tables) . . . 10. 

M. % 10 


1 
7. 49. 5 
7. 53. 35 
7. 53+ 12 
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; FLAMSTEAD, HALLEY and MAYER 3. 


Th | enn Momorn e. 
Secular motion of 
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FLAMSTEAD and HALLET. 4. 
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PE Ho Ro 5 6. 
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| KEPLER wk 1 3 4 gf, 10*, 35. 19% | 
| HorRRox 0 - 1 . « . 0 » 9. 10. 15. 13 
155 Epoch of „,,,, P 8 9. 10. 14. 5d 
Longitude of the <Hattzy . . + . 9. 10. 13. 58 
,, ...> +». « .- .+ + .> +: #0, th , 
| MAYER 0 WK Oo 2. Co .» * ®. .. 9. 10. 19. 9 


MA sons 9 IO. 19. 59 


FLAMSTEAD + 3. 7 . 1. 43 


Mean Equation /// 240 oe 47 *o . 18. 18 


6 
of cke Orbit ip pawn %%% 4 + © 18. 43 
3 CEE 44 
MAYER . + « » „ © - Ge 18. 32 
Times of the Revolutions of the Moon, of it's Apogee and Node, as auen 


by M. a0 la LAN DE. 


Tropical revolution 27. N. 43%. 46793 
Sidereal revolution 27. 7. 43. 11, 5259 
Synodic revolution . , «© « 32. 12. 44. 2, 8283 
Anomaliſtic revolution . . 9:0 x» 34. IM: 38.3%, $499 
Revolution in reſpect to the node „„ % 8% + + 2 
Tropical revolution of the apogee . . 8”. 311. 8. 34. 57, 6177 
Sidereal revolution of the apogee . . 8. 312. 11. 11. 39, 4089 
Tropical revolution of the node. . 18. 228. 4. 52. 52, 0296 
Sidereal revolution of the node. . 18, 223. 7. 13. 17, 744 
Diurnal motion of the moon | 5 = 

in reſpect to the equinox } „ bi... 02784394 
Diurnal motion of the apogee o. 6. 41, 069815195 
Diurnal motion of 11 3 S $3 638603696 


The years here taken are the common years of 365 days. | 
According to ProLEMY, the mean annual motion of the moon is 4*. 92: 


22', 46”, and the diurnal motion 137. 10. 34”. 58”; the mean annual motion 
| Cc af 
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of the nodes in antecedentia is 19% 20'. O“. 58“, and the diurnal motion 
3. 10”. 41 25; the mean annual motion of the apogee is 40%. 39“. 35½73, 
and the diurnal motion C. 41”: 2% 2 5; and the time of a mean ſynodic 
revolution is 29d. 13. 5. 39“. If the reader will compare theſe, with our 
preſent Tables, he will be ſurpriſed at their. accuracy; and if he conſider alſo 
that Prol xy diſtovered the dw fitft irregularities, the lunar motions will 
be found to have been known to a very conſiderable degree of accuracy, 


near 2000 years ago. ; 


0 the. Acceleration .of the Moon's Motion. 

356. Dr. Harter, by comparing the ancient eclipſes obſerved at Babylon, 
with thoſe obſerved by ALBATEGNIUS in the ninth century, and with thoſe 
obſerved in his own time, diſcovered the mean motion of the moon to be 
accelerated; and ſays, that he could have found out the quantity of accelera- 
tion, if he had had the longitude of Bagdat, Alexandria and Aleppo; becauſe 
in, or near theſe places, the obſervations were made; for it is neceflary to know 
their longitudes, in order to reduce the times, to thoſe under the meridian in 
which the modern obſervations are made. In the Phil. Tranſ. 1749, Mr. 


DunTHORNE has examined ſome ancient eclipſes obſerved under known me- 


ridians, and determined what the acceleration 1 is. The eclipſes which he has 
choſen for this purpoſe are theſe. | 

3 57+ An eclipſe of the ſun was obſerved at Alexandria, by Tazon, i in the 
year 364, on June 16; the beginning was in the afternoon at 34. 18', and the 


end at 5h. 15. In the year 977, an eclipſe of the ſun was obſerved, at Grand 


Cairo, on December 13; the beginning was at 8. 25, and the end at 104. 45, 
apparent time, in the morning, and the digits eclipſed were 8; alſo the ſun's 
altitude at the beginning was 15*. 43 and at the end 33%. 10 the year 978, 
at the ſame place, the ſun was obſerved. to. be eclipſed on June 8; the begin- 
ning was at 24. 31“, and the end at 44. 500, apparent time, in he afternoon. 
Mr. DunTHORNE then computed the diſtahce of the moon from the fun in 
longitude, at the beginning of each eclipſe, from the above data; he alſo com- 
puted their diſtance at that time from the Tables of the ſun's and moon's 
motion, and found that at the beginning of the firſt eclipſe, the Tables gave 
the difference of the ſun's and moon's places leſs than that deduced from the 
obſervation by 4. 16”; in the ſecond eclipſe it was greater by J. 36”; and. in 
the third, e by 8“, 45”; the computed places at the two laſt eclipſes being 
ſo 
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ſo much before the obſerved places, but at the firſt eclipſe the computed place 
was ſo much behind. The agreement of the two laſt ſhows, that the Tables 
repreſent the mean motion of the moon's apogee very well for above 700 years, 
the moon having been very near it's perigee at the time of one of thoſe eclipſes, 
and near it's apogee at the time of the other. Now Hieeancavs mentions 
an eclipſe obſerved at Babylon, which happened on December 22, in the year 
313 before J. C. when a ſmall part of the moon was eclipſed on the north eaſt, 
half an hour before the end of the night, and the moon ſet eclipſed; Mr. 
DunTroRNE, from his Tables, makes the middle of it at 9/. 4 apparent 
time, and the duration 1/4. 377; PToLEMY makes it 1h. 30“ nearly. Hence 
the beginning, according to Mr. Dux THORNE“'s calculation, was about 8k. 15 
after midnight. But, according to Pror EM x, the ſun roſe at 7h. 12, and as 
the moon had then ſouth latitude, and was not quite come to the ſun's op- 
poſition, it's apparent ſetting muſt have been a little ſooner, that is, above an 
hour before the beginning of the eclipſe, according to his Tables; whereas the 
moon was ſeen eclipſed ſome time before it's ſetting, which proves that it's: 
true place was then forwarder than the Tables make it, by 40 or 50. In the 
year 201 before J. C. on September 22, an eclipſe was obſerved at Alexandria, 
when the moon began to be eclipſed about half an hour before it's riſing, and 
ended about 354. in the morning. Now, by the Tables, the middle of the 
oclipſe was at 7k. 44 apparent time, and the duration, 34. 4, which makes the 
beginning at 64. 12“, or about 10“ after the moon roſe, and conſequently 40 
after the time by obſervation ; which makes the moon's true place forwarder 
than by the Tables, by about 20“. In the year 721 before J. C. on March 19, 
an eclipſe was obſerved at Babylon, the middle of which, by the Tables, was; 
at 104. 26' apparent time, and the beginning was at 84. 32“; but the begin, 
ning, by obſervation, was at 6k: 46', or 1h. 46' ſooner than by the Tables; 
therefore the moon's true place preceded it's place by the Tables, by, a little 
more than 5o', Hence, as the ſame Tables repreſent the moon's place in the 
ancient eclipſes behind it's true place, and in the two eclipſes oblerved in 977 
and 978 before it, it follows that it's mean motion in ancient times was 
ſlower, and in latter times quicker than the Tables give, and therefore it 
muſt have been accelerated. There muſt alſo have been a time when 
the Tables would give the true place. And although the ancient obſer- 
vations of the times of the eclipſes were not very accurate, yet they were 
ſufficiently ſo to prove, beyond all doubt, that the moon's motion is 
reater at this time, than it was at the times when the ancient eclipſes 


were obſerved. 
WF 2 82 358. As 
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| from 700 to 17990, will be, 10”, 40”, 90“, 160", 250”, 360", 490“, 640", 810”, 
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358. As we have no dura to determine directly what this acceleration is, 
and at what point of time the moon's place from the Tables would agree with 
us true place, we muft make a fuppofition for each, and then compute 
che errors of the Tables, and ſee how they agree with the àbove errors; and 
that ſuppoſition which, upon the whole, agrees beſt, muſt give the accelera- 
tion the moſt to be depended upon, and probably near the truth. Nowe what · 
ever be the cauſe of this acceleration, it is yery probable ' that it continues 

conſtant, or very nearly ſo, and therefore the quantity of acceleration will vary 
as the ſquare of the time. Upon this principle, if we ſuppoſe the Tables to 
give the true place of the moon at the year yoo, and the acceleration to be 10 
for the firſt 100 years from that time, it will give reſults agreeing better with 
the obſervations than any other ſuppoſition. Theſe reſults may be thus com- 
puted. The quantity of acceleration at the beginning of the ſucteſſive centuries 


ooo“. Now as the whole acceleration in theſe 10 centuries is 1000”, the 
mean acceleration is 100” in a year, and would be, in the above reſpective 
centuries, 100”, 200?, 400”, 400“, 500%, boo”, yoo", Boo", yoo", 1000; 
ſubtra& therefore the above actual accelerations from theſe mean ones which 


the Tables give, and we have 1“ 30“, 2. 40", 3. 30“, F. O“, 4. 10“, 4. o“, 


3. 30”, 2“. 40”, 1“. 30“, O. o“ for the error of the Tables at the beginning of 
every century from 700 to 1700, ſhowing how much the Tables give the 
place too forward. If we go downwards from 700, the motion will be dimi- 
niſhed at the fame rate of 10”, 40”, go”, &c. for every century; whereas our 
Tables give it increaſing at the rate of 100”, 200”, 300”, &c. therefore the 
errors of the Tables will be the ſums of theſe ive quantities, or 1“ 500 a 
4. o“, G. 30“, 9. 20", 12“, 30", 16“ o“, 19, 50", 24. o“, 28. zo", 33˙ 20%, 
38'. 30, 44. O“, 49. 50”, 56 6”, ſhowing how much the Tables give the 
place too backward at the beginning of each century from the your re to 700 

before J. TC. Hence the Whos Table. 
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"tompare"the errors of the Tables; i Dey apt, Adee Aesch with 
the errors in this' Table, they will be found to differ not more than might be 

ected from the uncertainty of the times of the eclipfes, and the different 
ertors which the Tables may be ſubject to at different times. Theſe obſerva- 
tions therefore make the ſecular variation 107, and to vary as the ſquare of the 
time. M. de la Laxve, from the eclipſes in 97) and 978, makes it gf dan 
In MAYER's Tables it is 9“, beginning from 1700, 

59. M. de la PL Ack, in the Mem. 2 I" Acad. Roy. des Scien. for 1786, bas 
ſhown, thar this acceleration of the moon's motion artfes from the action of the 
fan upon the moon, combined with the variation of the excentricity of the 
earth's orbit. The excentricity of the earth's orbit is, at preſent, diminiſhing, 
and this ariſes from the action of the planets upon the earth. The major axis 
of the earth's orbit is not altered by this, but the excentricity is. The mean 
force of the ſun to dilate and contract the orbit of the moon depends on the 
ſquare of the excentricity of the earth's orbit, By the diminution of the ex- 
centricity, the moon's mean motion 1s accelerated, and this is a circumſtance 
which takes place at preſent. When the excentricity is come to it's mininaun, 

the acceleration of the mean motion will ceaſe ; after which the excentricity 
will increaſe and the moon's mean motion will be retarded. This there- 
fore cauſes a ſecular equation of the moon's mean motion, the period of which 
is very long. If # be the number of centuries from 1700, M. de la Pract 
has computed the ſecular equation to be +11”,13 5#*4+0",04398*; this how. 
ever cannot be true whatever be the value of », becauſe the acceleration would 
then continually increaſe ; but it may be extended back to the moſt ancient 
obſervations of the moon, and for 1000 or 1200 years to come, without any 


ſenſible error. M. de Lamsre, from comparing the modern obſervations at 
about 


296 


of the mean motion, and is he 
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about the diſtance of a century, found that the ſecular mean motion of the 
moon in the laſt Tables of MavRR was too-great by 2 5”; and that the place 
of the moon, calculated by theſe Tables, LY to bs corrected hy the quantity 

— 25"n++2",13 5 0-1 043981; If the ancient obſervarigns' Fa moon be 
compared with, the places calc ted by Marzk's T ables with this correction, 
the errors will be comparativeh very ſmall, anti no greater than what might 
ariſe from the ingcqurgopank heir. obſervations. M. de 1a: LAxpz, in his 
Tables of the moon, hap thus <cortected © Maven“ 5 Tables. Hence it ap- 
Pears, that the fend accelerati the moon is nothing more than an equa- 
tion, the peri of which is very long It will be accelerated and retarded by 
the ſame quan ity and therefore if be mean motion be take for the whole 


time of acceleration ar retardatin, it will be found never to v | 
The mean motion-of- the. nodes and apogee af ihe moon orbit is ſubject 


to a ſecular equation. The ſecular equation of the nodes is — 27842 
&"0109995#%, which being negative. ſhows that it is to be applied contrary to 
their mean motion. This ſecular equation is 4 of the ſecular;equation of the 
mean motion. The ſceular equation of the apogee: is + of the ſecular equation 
re, 19 7486˙ — o,o, where the ne- 
gative ſign ſhows that it is to be applied contrary! to it's mean motion. Hence 
all the irregularities of the moon are but ſo many equations, which return again 


in their regular order; and the ſame is ſhown to be true of tho irregularities 


of Jupiler and Saturn; alſo as the major axes of their orbits remain undiſturbed, 
it is maniſeſt that the ſyſtem can never be deſtroyed, all the irregularities being 
periodical, and - confined to ſuch. ſmall limits as to produce no inconvenience, 
Theſe are circumſtances ,which, furniſh. great matter for our attention; the 
beben of the ſyſtem ſhows the n and wiſdom of the F ramer. 


on rhe TS of the Moon. OE . 2 


ao. The diameter. of, the moon may be meaſured, at the ti time of it's full, 
by a micrometer ; or it may be meaſured by the time of it 8 paſling over the 
vertical wire of a tranſit teleſcope ; but this muſt be when the moon paſſes 
within an hour or two at the time of the full, before the viſible illumination 
is ſenſibly changed from a circle. To find the diameter by the time of it 5 


paſſage over the meridian, let 4 S the horizontal diameter of the moon, 


cr ſec. of it's declination, and m S the length of a lunar day, or the time from 


the paſſage of the moon over the meridian on the day we calculate, to the 


paſſage. over the meridian the next day. agg (108) cd" is the moon's dia- 
meter in right aſcenſion; hence 360° td" :: : the time (7) of paſſing the 


mer I» 
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f 1 * 1 1 ' | F 1. Fi. 21 Jo a . OE, | | >; ; 
meridian ; therefore 4 = 360 x —. If we obſerve the time when the limb 
of the moon comes to the meridian, we can find the time when the center 
comes to it, by adding to, or ſubtracting from the time when the firſt or 


ſecond limb comes to the meridian, half the time of the paſſage of the moon 
over the meridian. The time in which the ſemidiameter of the moon paſſes the 


meridian, may be found by two Tables, in the Tables of the moon's motion. 


36. ALBATEGNIUS made the diameter of the moon to vary from 29. 30” 
to 35 20”, and hence the mean 32“. 25%. - CopErnicvs' found it from 27. 34” 
to 35 3875 and therefore the mean 31“. 36”. KRI ER made the mean dia- 
meter 31“. 22”. M. de la HiRE made it from 29. go" to 35. 300. M. 
CAss iN made it from 29“. 30“ to 33“. 38“. M. de la LAx PDE, from his own 
obſervations, found the mean diameter to be 31“, 26”; the extremes from 
29“. 22” when the moon is in apogee and conjunction, and 33'. 31” when! in 
perigee and oppoſition. The mean diameter here taken is the arithmetic 
mean between the greateſt and leaſt diameters; the diameter at the mean diſ- 
tance is 31'. 7”. Hence, according to the theory of Marx, the horizontal 
diameter of the moon at any time is 31. 7'—1'. 42",3 cos. anom. + 5”,4. 
cos. 2 anom. +13' 7 cos. 2 diſt. « from © — 20”,2 cos. (2 diſt. (from © — 
anom. (). | 1 
362. When the moon is at different 1 above tlie horizon, * is at 
different diſtances from the ſpectator, and therefore there is a change of the 
apparent diameter. Let C be the center of the earth, 4 the place of a ſpec- 
tator on it's ſurface, Z his zenith, M the moon; then fin. CAM or ZAM : 


| CM x ſt ZCM 
fin. ZCM :: CM: A — 25 AM ;- but the apparent diameter is in- 
lin. ZAM 


vey as it's diſtance ; hence the e diameter varies as En Z CA CM: 


bene ſuppoſed conſtant. N ow in the 16 gal 2 may be conſidered 


fin. ZAM © | | 

as equal to unity; hence 1: — Zom” or. fin. ZCM: : ; ſin. ZAM, or cos, 
true alt. (a) : cos. apparent alt. (A) :: the horizontal diameter : the diameter 
at the apparent altitude (4). Hence the horizontal diameter: it's increaſe : 

cos. @ : cos. A- cos. 4 2 ſin. 2 4 ＋ Ax fin. £ 242 4 2 1; therefore the s 
of the ſemidiameter = hor. ſemidiam. x — dx = LED =:4, from 
this we may eaſily conſtruct a Table of the increaſe of the ſemidiameter for 
any horizontal ſemidiameter; and then for any other horizontal ſemidiameter, 


the increaſe will vary it in proportion. 


| 364. Some 
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. "ON | THR Moon PHASES AND LIBRATION.. : 


363. Some Aſtronomers. have thought, that in finding the time of the 
tranſit of the moon over the meridian, we ought to take the apparent diameter 
inſteacl of that ſeen from the center of the earth. But this, as M. de la LAx DR 
bas obſerved, muſt not be; for although the apparent diameter is increaſed by 
the moon being nearer to the ſpectator, yet the angular velocity about the 
point where the ſpectator is ſituated is increaſed in the ſame ratio, the angular 


velocity about any point, and the apparent diameter, being inverſely as the 


diſtance, and e of the — the ſame; - 


4 — 4 5 
1 


on the Ph of th the Moon, 


36. By Art. 379. the greateſt breadth of the viſible iNuminated | part of the 
moon's ſurface varies as the verſed fine of the moon's elongation from the ſun, 
very nearly; and the circle terminating the light and dark part being ſeen ob- 
liquely will appear an ellipſe; hence the following delineation of the phaſes, 
Let E be the earth, & the fun, M the moon; deſcribe the circle abc4, repre- 
fenting that hemiſphere of the moon which is towards the earth projected upon 
a plane; ar, db two diameters perpendicular to each other; take dv the 
verſed fine of elongation SEM, and deſcribe the ellipſe ave, and (318, 319) 
adeus will repreſent the viſible enlightened part; which will be horned be- 
tween conjunction and quadratures, biſected at quadratures, and gibbous be- 


tween quadratures and oppoſition, the verſed ſine being leſs than radius in 


the firſt caſe, equal to it in the ſecond, and greater in the third. The viſible 


enlightened part varying as dv, we have, the vi ov ere . . 27 


N —_—_— + diameter, | | FF 
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On the Libration of the Moor. 


365. Many Aqua have given maps of the face of the moon ; but 
* moſt celebrated are thoſe of HEVEL Ius in his Selenographia, in which he 
has repreſented the appearance ef the moon in it's different ſtates from the 
new to the full, and from the full to the new; theſe figures MAYER prefers. 
Figure 81 repreſents the face of the moon in it's mean ſtate of libration, as 
ſhown by the beſt. teleſcopes. Laxexzxvs and RiccioLvs denoted the 
ſpots upon the ſurface by tho names of philoſophers, mathematicians, and other 
the names of the moſt celebrated characters to the 
largeſt ſpots; HEevgLivs marked them with the geographical names of Places 
upon the earth. The former diſtinction is now generally followed, and is that 
which we have here given. The numbers in the figure repreſent, nearly, the 


order 3 in _ the ſpots are eclipſed, going from the eaſt to the weſt. 
4 I, Grimaldue 
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1. Grimalds 23. Menelaus 51 
2. Galileus 28056. Hermes . > (x62). 
3; Ariftuebus.'- 7 %%. Paſhdomiys [177 1 5 
4. Keplerus 28. Dionyſius trad 1 1 
-5: Gafſeadus,. : 29, Plidine i of! rn 
6. Schikardus ' _ 30. Theophiluus bf 7 + 
7. ;Harpalus : ---.,- + [1 31 Frecaltorius+ FRE 
8. Heraclides | | | 32. Promontorium AcurumCenforinu 
9. Lanſbergius yi}: 33s: Meals if nom lt Go 2199) 
10, Reingldus - {1 tn no wie Para Somnii | 
11. Copernicus 385. Proclus = 
12, Helicon 36. Cleomedes 
13. Capuanus f $7. m0 
14. Bullialdus 38, Petavius 
15. Eratoſthenes 39. Langrenus 
16. Timocharis 40. Taruntius 
17. Plato 0 A. Mare Humorum 
18. Archimedes 18 B. Mare Nubium 
19. Inſulaſinus Medii C. Mare Imbrium 
20. Pitatus | D. Mare NeQaris 
21. Tycho 00 E. Mare Tranquilitatis 
22. Eudoxus in F. Mare Serenitatis 
23. Ariſtotles S. Mare Fæcunditatis 
24. Manilius H. Mare Criſium. = 

V 


The ſpots upon the moon are cauſed by the mountains and vallies upon 
it's ſurface ; for certain parts are found to project ſhadows oppoſite to the ſun ; 
and when the ſun becomes vertical to any of them, they are obſerved to have 
no ſhadow; theſe therefore are mountains; other parts are always dark on that 
ſide next to the ſun, and illuminated on the oppoſite fide ; theſe therefore are 
cavities. Hence the appearance of the face of the moon continually varies, 
from it's altering it's ſituation in reſpe& to the ſun. The tops of the moun- 
tains, on the dark part of the moon, are frequently ſeen enlightened at a diſ- 


tance from the confines of the illuminated part. The dark parts have, by ſome, 


been thought to be ſeas; and by others, to be only a great number of caverns 
and pits, the dark ſides of which, next to the ſun, would cauſe thoſe 


places to appcar darker than others, The great irregularity of the line bound- 


ing the light and dark part, on every part of the ſurface, proves that there can 


be no very large tracts of water, as ſuch a regular ſurface would neceſſarily 
produce a line, terminating the bright part, perfectly free from all irregularity. 
D p It 
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If there was much water upon it's ſurface, and an atmoſphere, as eonjectured 
(377) by ſome Aſtronomers, the clouds and vapours might eaſily be diſeovered 
by the teleſcopes which we dave now in uſe; but no ſuch phenomena have 
ever been obſerved. 2 

366, Very nearly the ſame bee of the moon is always turned towards ws 
earth, it being ſubje& only to a ſmall change within certain limits, thoſe ſpots 
which lie near to the edge appearing and diſappearing by turns; chis is called 
it's Libration, and ariſes from four cauſes. 1. GALILEO, who firſt obſerved 
the ſpots of the moon after the invention of teleſcopes, diſcovered this circum- 
ſtance ; he perceived a ſmall daily variation ariſing from the motion of the 
ſpectator about the center of the earth, which, from the riſing to the ſetting of 
the moon, would cauſe a little of the weſtern limb of the moon to'difappear, 
and bring into view a little of the eaſtern limb; this is called the diurnal 
hbration. 2. He obſerved likewiſe, that the north and ſouth poles of the 
moon appeared and diſappeared by turns; this ariſes from the axis of the 
moon not being perpendicular to the plane of it's orbit, and is called a 
libration in /atitude. 3. From the unequal angular motion of the moon 
about the earth, and the uniform motion of the moon about it's axis, a little 
of the eaſtern and weſtern parts muſt gradually appear and diſappear by turns, 
the period of which is a month, and this is called a libration in Jongitude; the 
cauſe of this libration was firſt aſſigned by Ricciol vs, but he afterwards gave 
it up, as he made many obſervations which this ſuppoſition would not ſatisfy. 


HxvELIVs however found that it would ſolve all the phenomena of this 


libration. 4. Another cauſe of libration ariſes from the attraction of the earth 
upon. the moon, in conſequence of it's ſpheroidical figure. 

367. If the angular velocity of the moon about it's axis were equal to it's 
angular motion about the earth, the libration in Jongitude would not take place. 


For if E be the earth, abcd the moon at v and ww, and avc be perpendicular 


to Ebvd; then abc is that hemiſphere of the moon at v next to the earth. 
When the moon comes to ww, if it did not revolve about it's axis, 352 
would be parallel to , and the ſame face would not be towards the earth. 
But if the moon, by revolving about it's axis in the dixge&tion abcd, had 
brought 5 into the line Ew, the ſame face would have been towards the earth; 
and the moon would have revolved about it's axis through the angle 3 0E, 
which is equal to the alternate angle we c, the angle which the moon has 
deſcribed about the earth. 

368. When the moon returns to the fame point of it's orbit, the ſame face is. 
obſerved to be towards the earth, and therefore (367) the time of the revolution. 
in it's orbit is equal to the time about it's axis. But in the intermediate points 
it varies, fometimes a little more to the eaſt, and ſometimes to the weſt, becomes 
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viſible; and this ariſes from it's angular motion about the earth being not 


uniform, whilſt the angular motion about it's axis is ſo. Hence the libration 
in longitude is nearly equal to the equation of the orbit, or about 5% at 
it's maximum, and would be accurately fo, if the axis of the moon were per · 
pendicular to it's orbit. The fame face will be towards the earth in apogee 
and perigee, for at thoſe points there is no equation of the orbit. If E be 
the earth, M the moon, pg it's axis, not perpendicular to the plane of the 
orbit 4; then at a the pole p will be viſible to the earth, and at % the pole 
will be viſible; as the moon therefore revolves about the earth, the poles 
muſt appear and diſappear by turns, cauſing the libration in lalitude. This is 
exactly ſimilar to the cauſe of the variety of our ſeaſons, from the earth's axis 


not being perpendicular to the plane of it's orbit. Hence nearly one half of 


the moon is never viſible at the earth. Alfo the time of it's rotation about 
it's axis being a month, the length of the lunar days and nights will be about a 
fortnight each, they being ſubje& but to a very ſmall change, on account of the 
axis of the moon being nearly perpendicular to the ecliptic. 

369. Heverivs {Selenographia, pag. 245.) obſerved, that when the moon 
was at it's greateſt north latitude, the libration in latitude was the greateſt, 
the ſpots which are ſituated near to the northern limb being then neareſt to it; 
and as the moon departed from thence, the ſpots receded from that limb, and 


when the moon came to it's greateſt ſouth latitude, the ſpots ſituated near 


the ſouthern limb were then neareſt to it. This variation he found to be 
about 1'. 45”, the diameter of the moon being 30. Hence it follows, that 
when the moon is at it's greateſt latitude, a plane drawn through the earth and 
moon perpendicular to the plane of the moon's orbit, paſſes through the axis 
of the moon; conſequently the equator of the moon muſt interſect the ecliptic 
in a line parallel to the line of the nodes of the moon's orbit, and therefore, 
in the Heavens, the nodes of the moon's orbit and of it's equator coincide ; 
and this will be further confirmed, when we treat on the fituation of the 
moon's equator and axis. | 

370. It is a very extraordinary circumſtance, that the time of the 
moon's revolution about it's axis ſhould be equal to that in it's orbit. Sir J. 
 Nzwron, from the altitude of the tides on the earth, has computed that the 
altitude of the tides on the moon's ſurface muſt be 93 feet, and therefore the 
diameter of the moon perpendicular to a line drawn from the earth to the 
moon, ought to be leſs than the diameter directed to the earth, by 186 feet; 


hence, ſays he, the ſame face muſt always be towards the earth, except a ſmall 


oſcillation ; for if the longeſt diameter ſhould get a little out of that direction, 
it would be brought into it again, by the attraction of the earth. The ſuppo- 
ſition of D. de MA1RAN is, that that hemiſphere of the moon next the earth 
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is more denſe than the oppoſite one, and hence the ſame face would be kept 


towards the earth, upon the ſame principle as above. M. de la Grance, in 


the Mem. de I Acad. des Scien. 1780, has examined this ſubject very fully, and 
ſhown, that from the attraction of the earth, that diameter of the moon's equa- 
tor which is directed towards the earth, will be lengthened four times more 
than that which is perpendicular toit. If 4 be the ſemidiameter of the moon 
in parts of it's mean diſtance from the earth, M the quantity of matter in the 
moon expreſſed in parts of that of the earth, he has ſhown that the Increaſe = 


the ſemidiameters will Be — 1 and = the radius being unity. 


371. Sir I. NawWron Irapoles! the following method of n the 
libration of the moon in /atitude and longitude. Take a common globe, and 
ele vate the pole to the zenith, ſo that the equator may coincide with the hori- 
zon, and let the ecliptic repreſent the moon's orbit. Conceive the center of 
this globe to repreſent the place of the earth, and the ſurface of the globe the 
ſphere in which the moon revolves. Take two ſmall ſpheres, having each a 
meridian, and ſuſpend each by a ſtring from one of it's poles. Let one of 
theſe repreſent a fictitious moon carried uniformly round the earth, Having it's 
equator coinciding with the horizon of the globe, and revolving uniformly 
about it's axis in the ſame time in which it revolves about the earth; then the 
ſame meridian of the moon will always paſs through the earth, and the moon 
would not be fubje& to any libration. Let the other ſphere, repreſenting the 
true moon, be carried in the ecliptic with it's proper angular motion about 
the earth, having it's axis and meridian parallel to thoſe of the other moon. 
Then as the true moon moves from the perigee to it's apogee, preceding the 
fictitious moon, the meridian will appear towards the left of it's diſc, and the 
ſpots will appear to move towards. the eaſt, by as many degrees as there are 
between-the longitudes of the true and fiftitious moons, or by the equation of 
the orbit; when the true moon moves from apogee to perigee, the meridiam 
of the true moon will appear towards the right of the diſc, and the ſpots will 
appear to move towards the weſt ; thus repreſenting the libration in longitude. 
When the true moon moves from it's aſcending node to it's greateſt north lati- 
tude, the north pole of the moon will diſappear, and the fouth pole, with the 
ſpots about it, will come into view; and as the moon leaves this northern limit, 
they will begin to diſappear, and when the moon has reached it's greateſt 
fouthern latitude,” the northern pole, with the ſpots about it, will be brought 
into view, and appear furtheſt upon it's diſc; thus repreſenting the libration in 
longitude. N1icoLar MERCATORIS, Inflitut. Aſtron. pag. 286. 

372. When the moon is about three days from the new, the dark part is 
* visible, by the light reflected from the earth, which is moon light. to the 
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Lunarians, conſidering our earth as a moon to them; and in the moſt favour- 
able ſtate, ſome of the principal ſpots may be ſeen. But when the moon gets 
into quadratures, it's great light then prevents the dark part from being viſible. 
According to Dr. SM1TH, the ſtrength of moon light, at the full moon, is go 
thouſand times leſs than the light of the fun ; but from ſome experiments of 
M. Bovevtr, he concluded it to be 300 thoufand times leſs. The light of 
the moon, condenſed by the beſt mirrors, produces no ſenſible effect upon the 
thermometer. Our earth, in the courſe of a month, ſhows the ſame phaſes to 
the Lunarians, as the moon does to us; the earth 1s at the full at the time 
of the new moon, and at the new at the time of the full moon. The ſurface 
of the earth being about 13 times greater than that of the moon, it affords 13 
times more light to the moon. than the moon does to the earth. 


On the Altitude of the Lunar Mountains. 


= 373. The method uſed by Hevzr1vs, and others ſince his time, to deter- 
mine the height of a lunar mountain is this. Let LM be a ray of light from 
the ſun, paſſing by the moon at L, and touching the top of the mountain at 
M; then the ſpace between L and M appears dark. With a micrometer, 
meaſure LM, and compare it with LC; then knowing LC, we know LM, 
and by Euc. B. 1. P. 47. CM=/ CL*+LM* 1s known; from which ſub- 
tract Cp, and we get the height pM of the mountain. But, as Dr. HERSCRETL 
obſerves in the Pl. 7. ranſ. 1781, this method will only do when the moon 
is in quadratures; he has therefore given the following general method. Let E 
be the earth, draw EM, and Lo, perpendicular to the moon's radius RC, and 
Lr parallel to on, alſo ME” perpendicular to SM. Now ML would meaſure 
it's full length when ſeen from the earth in quadratures at E”, but ſeen from 
E, it only meaſures the length of Lr. As the plane paſſing through $M, EM, 
is perpendicular to a line joining the cuſps, the circle RLY may be conceived 
to be a ſection of the moon perpendicular to that line. Now it is manifeſt, 
that the angle SLo or LCR, is very nearly equal to the elongation of the 
moon from the ſun ; and the triangles Lr M, L Co being ſimilar, E: LC : 


3 Lag Leg E. — 


= Lr divided by the ſine of elongation, radius Wi 


Lo 
unity. Hence we find My as before. 


Ex. On June 1780, at 7 o'clock, Dr. Herscntr found the angle under 


which LM, or Lr, appeared to be 40",62 5, for a mountain in the ſouth eaſt 


quadrant ; and the ſun's diſtance from the moon was 12 59. 8', whoſe fine is 
| 8104 ; 
2 » 3 
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„8104; hence 40˙, 62 5 divided by, 8 104 gives 50“, 13, the angle under which 
LM would appear, if ſeen directly. Now the ſemidiameter of the moon was 
160. 2”,6, and taking it's length to be 1090 miles, we have, 16“. 2,6 * 13 
2: 1090 : LM= 56,73 miles; hence Mp = 1, 4 miles. 

374. Dr. HRRScHEL found the height of a great many more mountains, 
and thinks he has good reafon to believe, that their altitudes are greatly over- 
rated; and that, a few excepted, they generally do not exceed half a mile. 
He obſerves, that it ſhould be examined whether the mountain ſtands upon 
level ground, which is neceffary that the meaſurement may be exact. A low π? 
tract of ground between the mountain and the ſun will give it higher, and ele- 
vated places between will make it lower, than it's true height above the 


common ſurface of the moon. 


375. The line Lr was meaſured thus. 1. Set the immoveable hair of the 
micrometer parallel to AB, then moving the other hair parallel to it from L 
to r, it gives the meaſure under which Lr appears. Or 2. Obſerve ſome ſport 
near to L, to which the line L is directed; or take a view of the ſhadow of 
ſome neighbouring mountains ; either of theſe will indicate a line perpendi- 
cular to a line joining the \cuſps, ſufficiently near to ſet the micrometer by. 
The laſt method Dr. HzrscmEL thinks the beſt. But if the micrometer be 
furniſhed with an hair perpendicular to the moveable wire, and that hair be 
made to coincide with Lr, it at once gives the poſition of the micrometer. 

376. On April 19, 1787, Dr. HerxscaErL diſcovered three volcanos in the 
dark part of the moon; two of them ſeemed to be almoſt extinct, but the 
third ſhowed an actual eruption of fire, or luminous matter, reſembling a ſmall 
piece of burning charcoal covered by a very thin coat of white aſhes ; it had a 
degree of brightneſs about as ſtrong as that with which fuch a coal would be 
ſeen to glow in faint day-light. The adjacent parts of the volcanic mountain 


ſeemed faintly illuminated by the irruption. A ſimilar irruption appeared on 


May 4, 1783. Phil. Tranſ. 1787. On March 7, 1794, a few minutes before 
8 o'clock in the evening, Mr. WILEIxS of Norwich, an eminent Architect, 
obſerved, with the naked eye, a very bright ſpot upon the dark part of the moon; 
it was there when he firſt looked at the moon; the whole time he ſaw it, it 
was a fixed, ſteady light, except the moment before it diſappeared, when it's 
brightneſs increaſed ; he conjectures that he ſaw it about 5 minutes. The 
fame phenomenon was obſerved by Mr. T. SrRETrox, in St. John's Square, 
Clerkenwell, London. Phil. Tranſ. 1794. On April 13, 1793, and on 
February 5, 1794, M. P1azz1, Aſtronomer Royal at Palermo, obſerved a 
bright ſpot upon the dark part of the moon, near Ariſtarchus. Several other 
Aſtronomers have obſerved the ſame phænomenon. See the Memoirs de Berlin, 
for 1788. 


377. It 


ON THE PHANOMENON OP THE HARVEST MOON. 


377. It has been a doubt amongſt Aſtronomers, whether the moon has any 
atmoſphere; ſome ſuſpecting that at an occultation of a fixed ſtar by the moon, 
the ſtar did not vaniſh inſtantly, but loſt it's light gradually ; whilſt others 
could never obſerve any ſuch appearance. M. SchxokrER of Lilianthan, in 
the dutchy of Bremen, has endeavoured to eſtabliſh the exiſtence of an at- 
moſphere, from the following obſervations. 1. He obſerved the moon when 
two days and an half old, in the evening ſoon after ſun ſet, before the dark part 
was viſible ; and continued to obſerve it till it became viſible. The two cuſps 
appeared tapering in a very ſharp, faint, prolongation, each exhibiting it's far- 
theſt extremity faintly illuminated by the ſolar rays, before any part of the dark 
hemiſphere was viſible. Soon after, the whole dark limb appeared illuminated. 
This prolongation of the cuſps beyond the ſemicircle, he thinks muſt ariſe- 
from the refraction of the ſun's rays by the moon's atmoſphere. He computes. 
alſo the height of the atmoſphere, which refracts light enough into it's dark. 
hemiſphere to produce a — more luminous than the light reflected from 
the earth when the moon is about 32* from the new, to be 1356 Paris feet; 
and that the greateſt height capable of refracting the ſolar rays is 5376 feet. 
2. At an occultation of Jupiter's ſatellites, the third diſappeared, after having 
been about 1” or 2” of time indiſtinct; the fourth became indiſcernible near 


the limb; this was not obſerved of the other two. Phil. Tranſ. 1792. If 
there be no atmoſphere in the moon, the Heavens, to a Lunarian, muſt always 


appear dark like night, and the ſtars be conſtantly viſible ; for it is owing to 


the reflection and refraction of the ſun's light by the atmoſphere, that the 


Heavens, in every part, appear bright in the day. 


On the Phenomenon of the Harveſt Moon. 


37 8. The full moon which happens at, or neareſt to, the autumnal equinox, 
is called the Harveſt moon; and at that time, there is a leſs difference between 


the times of it's riſing on two ſucceſſive nights, than at any other full moon 


in the year; and what we here propoſe, is to account for this phænomenon. 
279. Let P be the north pole of the equator AU, HA O the horizon, 
EA the ecliptic, A the firſt point of Aries; then, in north latitudes, A is 
the aſcending node of the ecliptic upon the equator, AC being the order of 
the ſigns, and A2 that of the apparent diurnal motion of the heavenly bodies. 
When Aries riſes in north latitudes, the ecliptic makes the leaſt angle with the 
horizon; and as the moon's orbit makes but a ſmall angle with the ecliptic, 
let us firſt ſuppoſe ZAC to repreſent the moon's orbit. Let A be the place 


of the moon at it's riſing on one night; now, in mean ſolar time, the earth 
1 2 makes 
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makes one revolution in 23h. 56'. 4, and brings the ſame point 4 of the equa- 
tor to the horizon again; but in that time, let the moon have moved in it's 
orbit from 4 to c, and draw the parallel of declination cs; then it is mani- 
teſt, har 3. 56” before the ſame hour the next night, the moon, in it's diurnal 
motion, has to deſcribe en before it riſes. Now en is manifeſtly the leaſt poſ- 
ſible, when the angle CA# is the leaſt, Ac being given. Hence it riſes more 
nearly at the ſame hour, when it's orbit makes the leaſt angle with the horizon. 
Now at the autumnal equinox, when the ſun is in the firſt point of Libra, the 
moon, at that time at it's full, will be at the firſt point of Aries, and therefore 
it riſes with the leaſt difference of times, on two ſucceſſive nights; and it being 
at the time of it's full, it is more taken notice of; for the ſame thing happens 
every month when the moon comes to Aries. 

Hitherto we have ſuppoſed the ecliptic to repreſent the moon's orbit, but 
as the orbit is inclined to it at an angle of 50 9 at a mean, let x4 2 repre- 
ſent the moon's orbit when the aſcending node is at 4, and Ar the arc deſcribed - 
in a day ; ; then the moon's orbit making the leaſt poſſible angle with the 
horizon in that poſition of the nodes, the arc r#, and conſequently the diffe- 
rence of the times of riſing, will be the leaſt poſſible. As the moon's nodes 
make a revolution in -about 19 years, the leaſt poſſible difference can only 
happen once in that time. In the latitude of London the leaſt difference is 
about 17. 

380. The ecliptic makes the greateſt angle with che nenn when the 
frſt point of Libra riſes, conſequently when the moon is in that part of it's 
orbit, the difference of the times of it's riſing will be the greateſt; and if the 


deſcending node of it's orbit be there at the ſame time, it will make the diffe- 


rence the greateſt poſſible ; and this difference is about 14. 17 in the latitude 
of London. This is the caſe with the vernal full moons. Thoſe figns which 
make the leaſt angle with the horizon when they riſe, make the greateſt angle 
when they ſet, and vice versa; hence when the difference of the times of riſing 
is the leaſt, the difference of the times of ſetting is the greateſt, and the 
contrary. 

381. By increaſing the Nas the angle 14 1, and conſoquently ru, is 
diminiſhed; and when the time of deſcribing rn, by the diurnal motion, is 
3'. 56", the moon will then riſe at the ſame ſolar hour. Let us ſuppoſe the 
latitude to be increaſed until the An vaniſhes, then the moon's orbit becomes 
coincident with the horizon, every day, for a moment of time, and conſequently 
the moon riſes at the ſame ſidereal hour, or 3“. 56” ſooner, by ſolar time. Now 
take a globe, and elevate the north pole to this latitude, and marking the 
moon's orbit in this poſition upon it, turn the globe about, and it will appear, 
that at the 1aſtant after the above coincidence, one halt of the moon's orbit 


correſ- 
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correſponding to Capricorn, Aquarius, Piſces, Aries, Taurus, Gemini,” will 


riſe z hence when the moon is going through that part of it's orbit, or for 13 
or 14 days, it riſes at the ſame ſidereal hour. Now taking the angle xAE = 
3*. 9 and the angle ZAQ = 239. 28, the angle Ax, or 2AH when the 
moon's orbit coincides with the horizon, is 289. 37; hence the latitude 22 
is 615. 23' where theſe circumſtances take place. If the deſcending node be at 
A, then QA4x, or QAH=18*. 19, and the latitude is 71*. 411. In any other 
fituation of the orbit, the latitude will be between theſe limits. When the 
angle $A x is greater than the complement of latitude, the moon will riſe every 
day ſooner by ſidereal time. As there is a complete revolution of the nodes 
in about 18 years 8 months, all the varieties * the ONO and A. but gu rs 
moon muſt happen within chat time. | 


On the Horizontal "Moos. 


382. The phenomenon of the horizontal moon is this, that it appears 
larger in the horizon than in the meridian ; whereas, from it's being nearer to 
us in the latter caſe than in the former, it ſubtends -a greater angle. Gas- 
SENDUS thought that, as the moon was leſs bright in the horizon, we 


looked at it there with a greater pupil of the eye, and therefore it appeared 


larger. But this is contrary to the principles of Optics, the image of an object 
upon the retina not depending upon the pupil. This opinion was ſupported 
by a French Abbe, who ſuppoſed that the opening of the pupil made the chryſ- 
talline humour flatter, and the eye longer, and thereby increaſed the image. 
But there is no connection between the muſcles of the iris and the other parts 
of the eye, to produce theſe effects. Des CAarTEs thought that the moon ap- 


peared largeſt in the horizon, becauſe, when comparing it's diſtance with the 


intermediate objects, it appeared then furtheſt off; and as we judge it's diſ- 
tance greateſt in that ſituation, we of courſe think it larger, ſuppoſing that it 


ſubtends the ſame angle. This opinion was ſupported by Dr. WALL1s in the 


Phil. Tranſ. No. 187. Dr. BERKLEY accounts for it thus. Faintneſs ſuggeſts 
the idea of greater diſtance; the moon appearing moſt faint in the horizon, ſug- 


geſts the idea of greater diſtance, and, ſuppoſing the viſual angle the ſame, that 


muſt ſuggeſt the idea of a greater tangible object. He does not ſuppoſe the 
viſt ble extenſion to be greater, but that the idea of a greater fangible extenſion 
is ſuggeſted, by the alteration of the appearance of the viſible extenſion. He 
ſays, 1. That which ſuggeſts the idea of greater magnitude, muſt be ſome- 
thing perceived ; for what is not perceived can produce no effect. 2. It muſt 
be ſomething which is variable, becauſe the moon does not always appear of 
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the ſame magnitude in the horizon. 3. It cannot lie in the intermediate 
objects, they remaining the ſame; alſo, when theſe objects are excluded from 
fight,” it makes no alteration. 4. It cannot be the viſible magnitude, be- 
cauſe that is leaſt in the horizon; the cauſe therefore muſtl ie in the viſible 
appearance, which proceeds from the greater paucity of rays coming to the 
eye, producing faintneſs. Mr.-Rownine ſuppoſes, that the moon appears 
furtheſt from us in the horizon, becauſe the portion of the ſky which we ſce, 
appears, not an entire hemiſphere, but only a portion af one; and in conſe- 
quence of this, we judge the moon to be furtheſt from us in the horizon, and 
therefore to be then largeſt. Dr. Sui r EH, in his Optics, gives the fame reaſon» 
He makes the apparent diſtance in the horizon to be to that in the zenith as 
10 to 3, and therefore the apparent diameters in that ratio. The methods 
by which he eſtimated the apparent diſtances, may be ſeen in Vol. I. pag. 65. 

The ſame circumſtance alſo takes place in the ſun, which appears much larger 
in the horizon than in the zenith. Alſo, if we take two ſtars near each other 
in the horizon, and two other ſtars near the zenith at the ſame angular diſ- 
tance from each other, the two former wilb appear at a much greater diſtance 
from each other, than the two latter. Upon this account, people are, in ge- 
neral, very much deceived in eſtimating the altitudes; of the heavenly bodies 
above the horizon, judging them to be much greater than they are. 
Dr. Sur rz found, that when a body was about 23* above the horizon, it 
appeared to be half way between the zenith and horizon, and therefore at that 


real altitude it would be eſtimated to be 45 high. Upon the fame principle, 


the lower part of a rainbow appears broader than the upper part. And this 
may be conſidered as an argument that the phænomenon cannot depend en- 
tirely upon the greater degree of faintneſs in the object when in the horizon, 
becauſe the lower part of the bow frequently appears brighter than the upper 
part, at the ſame time that it appears larger; alſo. this cauſe could have no 
effect upon the- diſtance of the ſtars; and; as the difference of the apparent 
diſtance of two ſtars, - whoſe angular diſtance is the ſame, in the horizon and 
zenith, ſeems to be fully ſufficient to account for the apparent variation of 
the moon's diameter in theſe ſituations, it may be doubtful, whether. the faint». 
neſs. of the: objec enters. into any part: of. the cauſe. 
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poſition of their axes, are determined from the ſpots which 
are obſerved upon their ſurfaces. The poſition of the ſame ſpot, obſerved at 
three different times, will give the poſition of the axis; for three points of any 
fmall circle will determine it's ſituation, and hence we know the axis of the ſphere 
which is perpendicular to it. The time of rotation may be found, either from 
obſerving the arc of the ſmall circle deſcribed by a ſpot in any time, or by 
obſerving the return of a ſpot to the ſame poſition in reſpect to the earth. 


On the Rotation 7 * . ' 

2384. Ir is doubtful by his: the ſpots on che fun-were' firſt diſcovered. 
SCHEINER, Profeſſor of Mathematics at Ingolftadt, obſerved them in May, 
1611, and publiſhed an account of them in 1612, in a Work entitled, Roa 
urſina. He ſuppoſed them not to be ſpots upon the body of the ſun, but 
that they were bodies of irregular figures revolving about the ſun, very near to 
it. GALILEO, in the Preface to a Work entitled, {/oria, Dimoſtrazioni, intorno 
alle Macchie Solari, Roma 1613, ſays, that being at Rome in April 161 1, he 
then ſhowed the ſpots of the fun to ſeveral perſons, and that he had ſpoken of 
them, ſome months before, to his friends at Florence. He imagined them to 
adhere to the fun, KEryLER, in his Ephemeris, fays, that they were obſerved 
by the ſon of David Fazricivs, who publiſhed an account of them in 1617. 
In the Papers of HARRTOr, not yet printed, it is ſaid, that ſpots upon the 
ſun were obſerved on December 8, 1610. As teleſcopes were in uſe at that 
time, it is probable that each might make the diſcovery. Admitting theſe 
ſpots to adhere to the ſun's body, the reaſons for which we ſhall afterwards 
give, we proceed to ſhow, how the poſition of ha axis of the ſun, and the 
time of it's rotation, may be found. 

38 5. To determine the poſition of a ſpot upon the ſun's ſurface, find, 
by pike method given in my Practical AMironomy, Art. 125. the difference be- 


vtxeen the right aſcenſions and declinations of the ſpot and fan's center; from 
E E 2 wluch, 
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which, find the latitude of the ſpot, and the difference between it's longitude- 
and that of the ſun's center; this 2 be done thus Let « Abe the ecliptic,. 
the equator, AB the ip, 8 th center of it's. diſc, v a ſpot on it's ſur- 


face; draw St parallel to , #va ſecondaries to ꝙ C, and vr per- 
pendicular to N; then 4b is — As difference of the right aſcenſions 
of the ſpot and the fun's center, and vx the difference of their declinations. 
By Art. 13. 40 * cos. S = Sx; hence in the right angled triangle vSx, we 
know Sx and vx, to find v, and the angle vSx; allo in the right angled tri- 
angle ꝙ S, we khow vb the ſun's right aſcenſion, and 58 it's dechnation, to 
find the angle Y S, the difference between which and the right angle bSx 
giwes ꝙ S, and as v is known, we get vr; hence in the right angled tri- 
angle v Sr, we know vs and the angle »Sr, to find vr the latitude of the ſpot, 
and 8 the difference of longitudes of the ſpot and ſun's center. Reduce it's 
geocentric latitude and longitude to the heliocentric latitude and longitude. 
To do ieh, let EAC D, be the projection of the fun's diſc, ESC the ecliptic, 
S the center of the diſc, M a ſpot on the ſurface; draw ML perpendicular to 
EC, and ML, LS, are the obſerved geocentric latitude of the ſpot, and diffe- 

rence of longitudes between that and the ſun's center; hence we know SM, 

which is the projection of the arc of a great circle between the point S on the 
ſun's ſurface to which the earth is vertical and the ſpot, into it's fine. To find 

this arc, let E be the earth, Ea a tangent! to che ſun, and draw 45 perpendi- 

cular to Ee; then the angle Saò being equal to SEa, the apparent ſemidi- 

ameter of the ſun, the arc ae is the complement of the ſun's ſemidiameter. 

Hence if 4 be a ſpot upon the fun, and de be perpendicular to Se; then, 
as ba the obſerved ſemidiameter: tlie fine of the arc ae :: the obſerved angle under 
which de appears: the fine of the arc de. Thus we find the arc correſponding 
to SM, or the angular diſtance of the ſpot; upon the ſun's ſurface from the 


middle of the fun's diſc. Now the angle MSL in the projection, is equal to 


that upon the furface of the ſun formed by the great circles; compute therefore 
this angle from the right angled plain triangle MLS. Let p be the pole of 
the ecliptic upon the ſurface of the ſun. Then the angle SL being a right 
angle, we know the angle SM on the ſun's ſurface, together with SM and Sp, 
Sp being = 90% hence we find p34, and the angle MpS. Now as & is a point 
on the ſun's diſc to which the earth is vertical, & ſeen from the ſun's center 
has the ſame longitude as the earth, and is therefore known; hence if to that 
we add, or from it ſubtract, Mp S, according as L is to the eafl or weſt of 5, 
we get the longitude of M ſeen from the ſun's center; and the difference of 
PM and Po, or d, is the heliocentric latitude of M. 

386. To determine the pole P of the ſun's equator NN, let ab be the 
. —— by a ſpot, and A, N, O. thie obſerved poſitions of that 


{pot, 
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ſpot, the apparent * of which is from eaſt to weſt, the ſun roreliiag 
abour it's axis according to the order of the ſigns; then (385) we know Mp, 
Np, Op, and the angles MpN, NpO ; for as we know the angles which Mp, 
Np, Op make with pS, the angles between theſe circles will be known, which 
is the difference of their longitudes. Join the points M, N, O, by three great 

circles, dotted in the Figure; then in each of the triangles MpN, MpO, 


NþpO, we know two ſides and the included angle at p, to find the arcs of the 


great circles MN, MO, NO, denoted by the dotted lines. Now to find the 
arcs of the ſmall circle a4 correſponding, take the fines of half the arcs of the 
great circles, and the double will be the chords. Let aMVO be the ſmall 
circle, C it's center, produce MC to, and join OV; then knowing the chords 
MN, NO, MO, we know the angle ONM, the ſupplement of which is the 
angle O YM, the double of which is the angle OCM at the center, or the arc 
ONM of the ſmall circle. Let OvM be an arc of the great circle paſſing through 


OM, whoſe radius OD is equal to the radius of the ſphere ; draw DCw, which 
muſt be perpendicular to OM; then the angle OCw ſhows the degrees 


contained in half the arc ONM of the ſmall circle, and the angle OD, half 
the degrees in the great circle. OvM; and fin. OC, or OCD, : fin. ODC :: 
OD : OC :: the radius of the ſphere : radius of the ſmall circle parallel to the 
ſolar equator, :: radius: cos. of the diſtance of the ſmall circle 46 from the 
ſolar equator; hence the diſtance of this ſmall circle from the pole P is 
known. Therefore in the triangle POM, we know all the ſides, to find the 
angle PMO; and in the triangle pMO, we know all the ſides, to find the angle 
PMO; hence we know the angle PMp, together with PM, pM; therefore 


we can find Pp, which meaſures the inclination of the ſun s axis to the 


ecliptic. 
387. Let N be the aſcending node of the ſun's equator ; to find the "Ry 


tion of which from the ſun's center, produce pP to t, then Pt paſſing through 
the poles of the ecliptic and equator muſt cut each go? from the node NM, there- 
fore Nt = go. Now to find the poſition of t, find, in the triangle OPp, the 
angle at p, which meaſures the arc fe; find (385) alſo the angle OpS, or 


the arc e; hence we know 78; but the longitude of & ſeen from the 


ſun's center, is oppoſite to the ſun's place in the ecliptic ; find this therefore 


at the time of the obſervation at O, and we get the longitude of :, conſequently 


we get the place N of the node. The beſt time to determine the place of the- 


node and the inclination of the equator, is about the beginning of June and 
Deccember, becauſe at thoſe times the earth being 1n the plane of the equator, 
the path of the ſpot is moſt inclined to the ecliptic, and it's latitude changes 


the faſteſt. 


388. To 
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388. To find the time of the ſun's rotation, we hire given the degrees of 
the are MNO, and the time the ſpot is moving from M to. O; hence the ate 
MO : 360* :: the time of deſeribing MO : the time of a revolution. 

389. But thiete is a ſhorter and more elegant method of determining the 
place of the node and inclination of the axis, given by M. Cao, in his 
Trigonometry, from the variation of a triangle when two of it's fides remain 
conſtant, and the third ſide varies by any finite quantity; this is the cafe with 
the triangles PpO, PpN, PpM, where Pp is conſtant, and PO =PN = PM, 
Now taking any two of theſe triangles, PpM, Pp, he proves that, fin. = x 
NPN: tan. 5 MpN :: fin. 5 x Np+pM : cot. 5 * Ip + PNp, KPA 
all the terms are known, except the laſt, which therefore is known; in like 
manner, from the triangles PpN, PpO, we get PNp+POp; therefore if 
we put L, L“, L“ for the obſerved longitudes ef the ſpot at M. N, O, and 


D, D', D“ for PM. PN, PO; alſo od Mes bot rey es ad 
1 x WI POS, then 


Gn. 2? N * 5 WI * cot. > L > B | 


h tan. a = 
r 2 3 | fin. > x D D 
fin; x D — DD cot. 2 _ 7 
| tan, 52 — —— 
7 0 | | | fo. 2 2 * 'D”+D I» 


IT B | 


Alſo tan. 1 OpN : tan. 5 x PNp—POp :: tan. PY 12 tan. 2 x 
PNY PO, where all the terms are known, except the third, of which one 
Part OpN is L. L; hence tan. PpþO + r x = tan, 2 * 22 
tan. 4 x cat. 4 ab, mug put = tan. x, and we have 
PpO-+ ix T"-L"=s 

Add . 

FOL me longitude. of the pole P of 

| the * or of 7, to which add go*, and we get the longitude of the node N. 


Now to find Pp, put P = the longitude of the pole P, then PBO p 
IL“, and POp=b +c=a=d; e ag the tangent of half the dif. 
tan. 5 D* x fin. 2. 4 
ference of PM and Pp is = "rage Td = tan. y, and the tangent 


tan. D“ „ cos. 5. 5—& 


of half the ſum is —— 7 = = tan, 25 hence 2 +35 = PM 
| (PM 
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M being greater than Pp) and 2 — y = Pp. the hae, of the 
folar equator to the ecliptic, If 5 be greater than 180% take 360* +5 for 5; 


and the fame for d. But if d. be leſs than gol, then ++ = 180˙— 2705 , and, 
P = 180% —2<y, 


Ex. According to the obſervations: of M. de la LAN DR, the three longi- 
tudes of a ſpot ſeen from the center of the ſun, and it's diſtance from the pole 
of the ecliptic in 197 5, were as follows; "4 

| Longitude - Diſtance from the Pole 

, v OW. SEP" 

e + + a + 1.09 16 SE1D 

21, 10. 19. IRE +.» +.» 10h $6 EB” 

fin. * BN cot. x /*- LU | 

Hence tan. a = — i — — — 60. 16˙ 4.5" 

| in. > x DD | : 

x D”—D' x cot. * x. LL 


tan. 3 2 ſin. T. 

an. #7 ==: WT x 5 5 2 34: 10” 3 
| | fin. 2 3s / a x 2 77 PM 
tin. c= 22D E =. 17. * ” 


ſin. - * DH 
Hence tan. * „LI „ tan. c x cot. 2 5 = tan. of 50. 260. 50“ = x5 


2 


conſequently = = PpO + L"=x+: x L”"+L= rv. 1 ;1. 20” the longi- 
rude P of the Pole of the ſun; hence the longitude of 95 node N is 
„ 
Now P — L"= 28% 51“. 6“, T4 . 30“. 27"; hence 
5 a e, 
Lon 2 rs tn e fin 7 x hg, = 43 - 39 0 


— 
2 


— 


tan. D“ x cos. — 
tan. x P. ＋ Pp tan. & == 
cos. 2 * 
Hence, (PM being greater than Pp,) we have PM = 2 +y = 93*. 13˙. 10” the 
diſtance of the ſpot from the north pole of the ſun; and Pp=z —y = e. 


15. 10” the inclination of the ſolar equator to the ecliptic. 


—= g1*. 14. 10% 


* 


390. M. Cass1n1, from his own obiervations, makes the inclination of the 
ſun's axis 77, calling the inclination the diſtance from the perpendicular to 
the ecliptic; and the place of the node 2*. 8. Le P. SCHEINER ſuppoſes 
the inclination to be 75% M. de VIsLz found it 6%. 35, from one ſet only of 
obſervations. The place of the node was determined by M. CAss INI the Son, 
to be 2*. 10% M. de l'IsLE found it 1*. 26. Le P. SCHEINER, in 1626, 


fixed it at 2%, 10% From the difficulty of determining the exact poſition of the 
. ſpots,. 
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declinations by calculation are 5*. 17, 5˙. 2 and 4*. 57 


and laſt obſervations are brought nearer by 15; hence 15 10 


on THE ROTATION OF THE son. ; 
ſpots, the place of the node and inclination, more particularly the former, are 
ſubject to conſiderable errors, and accuracy can only be depended upon, from 


the mean of a great number of obſervations. It does not appear that the 
ors of the node, and the inclination, are ſubject to any change. 


391. M. de la LAxpDE has given the following method of ting the 
place of the node, and the inclination of the equator, He ſuppoſes the place 


of the node, and the inclination, to be nearly known ; and from three obſerved 


latitudes and longitudes of a ſpot, he computes it's declination, which ought 
to be the ſame in each caſe, if the above quantities be rightly afſumed ; if the 


declinations come out different, he changes the aſſumed place of the node and 


inclination, according to the errors, until the declination comes out the ſame 


for each obſervation, and then concludes the quantities to be rightly aſſumed, 


fo far as the obſervations are true. For example; He aſſumes the place of the 
mode # 8*, 17*, and inclination 4*%. 30. Now in 1775, he found by obſerva- 
tion on June 14, the latitude of a ſpot o'. 38' ſouth, longitude 4*. 8. 34'; 
on June 18, the latitude 4*. 30“, and longitude g*. 5*. 49'; and on June 21, 
the- latitude 117. 35; and longitude 100. 19%; hence, (393) the correſponding 
By making the in- 
.clination . 20, the firſt and laſt declinations become g. r1' and 5. 6'; there- 
fore by diminiſhing the inclination 107, the declinations of the e at N firſt 
5 (the 
difference of 5%. 11 and 5*. 60: 3 , which ſubtracted from 7. 20 gives 7%. 17” 
for the inclination, which will give the firſt and laſt declination 5.9. With 
this inclination 77 17, the ſecond obſerved place gives 5*. 6“ for the decli- 
nation, differing 3' for the two other. His ſecond hypotheſis is, to change the 
place of the node in order to make the declinations at the firſt and third ob- 
ſervations agree; he therefore ſuppoſes the place of the node to be 8*. 229. 
And by going through the calculations as before, he finds, that an inclination 
of . 100 will give g*. 33' for the declination at the firſt and third obſervations, 
and 5*. 47' at the ſecond, differing 14. Hence he arranges the two hy potheſes 
thus. 


2 


Jes on 
une 14 
and 21 | 


rr 


Diffe- 
rence of 


Declin* 
©, 


5. 9 


5. 33 


=: 


o. 24 | 


14 more 


1 diff. 


3˙ leſs | 


— 
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Here a change of ze of the node and 7 in the inclination has made a diffe- 
rence of 17 in the ſum of the errors. Hence to alter the place of the node 
and inclination to make both the differences 3' and 14' vaniſh, ſay, 17“: 5 :: 
3': 53, which added to 8. 17 gives 8˙. 17. 53; alſo 17': 7 :: 7 : 1, ſub- 
tract therefore 1' from . 17 and it gives 49. 16' for the correſponding incli- 
nation. Laſtly, to find the correſponding declinations, fay, 17: 24 :: 30: 4, 
add this 4 to g'. 9“ and it gives 5*. 13' for the declination on June 14 and 21; 
and 17: 41 :: 3: 7, add this 7 to the declination 5*. 6' on June 18, and 
it gives 5*. 13“ for the declination at that time. Hence the place of the node 
8. 17*. 63“, and inclination 7. 16', give 5e. 13“ for the declination of the ſpot 
at the three obſervations, and therefore we may conclude the place of the node 
and inclination to be truly aſcertained, as near as the obſervations can give it. 
It will be always proper to go through with all the calculations again, after you 
have thus deduced the place of the node and inclination, and ſee whether 
they give the declinations the ſame at each obſervation ; if not, another correc- 
tion muſt be made in the ſame manner; but this will not be found neceſſary, 
unleſs you have conſiderably altered the place of the node and inclination ; in 
which caſe, the approximations may not be ſufficiently exact; and after all, the 
ſmall errors which the obſervations muſt be ſubject to, renders it unneceſſary 
to ſeek for a nearer agreement in the declinations than 3“ or 4. This may be 
conſidered as a correction of the place of the node and inclination, as deter- 
mined nearly by any other method. 

392: When the earth is in the nodes of the ſun's equator, it being then in 
it's plane, the ſpots appear to deſcribe ſtraight lines ; this happens about the 
beginning of June and December. As the earth recedes from the nodes, the 
path of a ſpot grows more and more elliptical, till the earth gets go? from the 
nodes, which happens about the beginning of September and March, at which 
time the ellipſe has it's minor axis the greateſt, and is then to the major axis, 
as the fine of the inclination of the ſolar equator to radius. 

393. To find the right aſcenſion ꝝ2v of the ſpot at O from the deſcending 
node x, and the declination Ov, we have, in the right angled triangle ac O, 
ne the difference of the longitudes of » and O, with eO the latitude of O, to 
find On, and the angle One; and as we know vne, we ſhall know vnO; hence 


in the right angled triangle Ovs, we know nO and the angle Orv, to find un 


the right aſcenſion of O meaſured from the node x, and Ov it's declination, 
394. If the latitude, longitude and declination of a ſpot be known, we may 
find it's right aſcenſion thus. By ſpher. trig. rad. x cos. »O = cos. ue x cos. 
Oe, and rad. x cos. 20 = cos. #v x cos. Ov, hence cos. ne x cos. Oe = cos. 
Cos. ne x cos. Oe 


n x cos. Ov, conſequently the cos. of right aſcen. uv = 


cos. Ov 
F F cos. 
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| cos. ak. from node x cos hel lat. 


ON THE ROTATION OF TRE SUN. 


If we therefore calculate the right aſcenſion 


cos. hel. dec. 
of the ſame ſpot at two different times, we get it's motion in right aſcenſion in 


the interval of theſe times; hence that motion: '360* :: the interval of the 


times: the time of the rotation of the ſun in reſpect to the nodes, or, as it does 
not appear that the node has any ſenſible motion, it gives the true time of 
rotation. Or the time may be determined by the return of a ſpot to the fame 


declination or right aſcenfion. Thus M. de la LAN DE has found the time of 


rotation to be 25d. 100. and the return of the ſpots to the ſame ſituation, to 
be 27d. 7h. 37. 28“. M. Cassix1 determined the time of rotation, from 
obſerving the time in which a ſpot returns to the ſame ſituation upon the diſc, 
or to the circle of latitude paſſing through the earth. . Let ? be that interval 
of time, and let be equal to the true motion of the earth wir? time, and 
u equal to it's mean motion; then 360*+m : 360*+# : ; the time of 
return if the motion had been uniform, and this, from a — number of 
obſervations he determines to be 27d. 12h. 20; now the mean motion of the 
earth'in that time is 27% T8"; hence -360%*+ 277. J. 8“: 360 :: 27d. 12h, 


2002 2 54 14h. 8“ the time of rotation. Elem. de Afiron. pag. 104. But this 
5 method is not capable of ſo much accuracy as the other. 


39 5¹ There has been a great difference of opinions reſpecting the nature of 
the ſolar ſpots. ScxeineR ſuppoſed them to be ſolid bodies revolving about 
the ſun, very near to it; but as they are as long viſible as they are inviſible, 
this cannot be the caſe. Moreover, we have a phyſical argument againſt this 
hypotheſis, which 1s, that moſt of them do not revolve about the ſun in a 
plane paſſing through it's center, which they neceſſarily muſt, if they revolved, 
Hke the planets, about the fun. GALILEO confuted SchkixER's opinion, 
by obſerving that the ſpots were not permanent ; that they varied their figure ; 
that they increaſed and decreaſed, and ſometimes diſappeared. He compared 
them to ſmoak and clouds. HEeverivs appears to have been of the fame 
opinion; for in his  Cometographia, page 360, ſpeaking of the ſolar. ſpots, 
he ſays, ec materia nunc ea ipſa eſt evaporatio et | exhalatio | (quia aliunde 
minime oriri poteſt) que ex ipſo corpore ſolis, ut ſupra often Jum eft, expiratur et 
exhalatur. But the permanency of moſt of the ſpots is an argument 
againſt cis: hypotheſis, M. de la Hire ſuppoſed them to be ſolid, 
opaque bodies, which ſwim upon the liquid matter of the ſun, and which 


are ſometimes entirely immerſed. M. de la Lanpz ſuppoſes that the ſun is 


an opaque. body, covered with a liquid fire, and that the ſpots ariſe: from the 
opaque parts, like rocks, which, by the alternate flux and reflux. of the liquid 
igneous matter of the ſun, are ſometimes raiſed above the ſurface. The ſpots 


are Wequantly: dark in the middle, with an umbra about them; and M. de la 


LANDE 
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LAnDE ſuppoſes that that part of the rock which ſtands above the ſurface 
forms the dark part in the center, and thoſe parts which are but juſt covered 
by rhe igneous matter form the umbra. Dr. 'WiLsoN, Profeſſor of Aſtro- 
nomy at Glaſgow, oppoſes this hypotheſis of M. de la LAN DR, by this argu- 
ment. - Generally ſpeaking, the umbra immediately contiguous to the dark 
central part, or nucleus, inſtead of being very dark, as it ought to be, from 


our ſeeing the immerſed. parts of the opaque rock through a thin ſtratum of 


the igneous matter, is, on the contrary, very nearly of the ſame ſplendor as the 
external ſurface, and the umbra grows darker the further it recedes from the 
nucleus; this, it muſt, be acknowledged, is a ſtrong argument againſt the hy- 
potheſis of M. de la Lands. Dr. WIIso further obſerves, that M. de la 
LaxDE produces no optical arguments in ſupport of the rock ſtanding above 
the ſurface of the ſun. The opinion of Dr. W1LsoN is, that the ſpots are 
excavations in the luminous matter of the ſun, the bottom of which forms the 
umbra. They who wiſh: to ſee the arguments by which this is ſupported, 
muſt conſult the Phil. Tranſ. 1774 and 1783. Dr. HALLey conjectured that 
the ſpots are formed in the atmoſphere of the ſun. Dr. Herscnsr ſuppoſes 
the ſun to be an opaque body, and that it has an atmoſphere; and if ſome of the 
fluids which enter into it's compoſition ſhould be of a ſhining brilliancy, whilft 
others are merely tranſparent, any temporary cauſe which may remove the lucid 
fluid will permit us to ſee the body of the fun through the tranſparent ones. 

See the Phil. Tranſ. 1795. Dr. HExsCHEL on April 19, 1779, ſaw a ſpot 
which meaſured 1. 87,06 in diameter, which is equal in length to more than 
31 thouſand miles; this was viſible to the naked eye. Beſides the dark ſpots 
upon the ſun, there are alſo parts of the ſun, called Faculæ, Luculi, &c. which 
are brighter than the general ſurface ; theſe always abound moſt in the neigh- 
bourhood of the ſpots themſelves, or where ſpots recently have been. Moſt 
of the ſpots appear within the compaſs of a zone lying 30* on each fide of the 
cmquatotr; but on July 5, 1780, M. de la Lanve obſerved a ſpot 40? from the 


equator. Spots which have diſappeared have been obſerved to break out 


again. The ſpots appear ſo frequently, that Aſtronomers very ſeldom examine 
the ſun with their teleſcopes, but they ſee ſome; ScnuzixER ſaw 50 at once. The 
nene en of the on are deſcribed by SCHEINBR and HgveLivs. 


21 Brery ſpot which hath a FLEA hath alſo an umbra e id 
II. The boundary between the nucleus and umbra is always well defined. 
III. The increaſe of a pot is gradual, che breadth of the nucleus 850 umbra 


dlilating at the ſame time. 
IV. The decreaſe of a ſpot is gradual, the breadth of the . and 


umbra contracting at the ſame time. 
| F F 2 | "" The 
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V. The exterior boundary of the umbra never conſiſts of ſharp angles, but 


is always curvilinear, however irregular the outline of the nucleus may be. 


VI. The nucleus, when on the decreaſe, in many —_— changes it's figure, 
by the umbra encroaching irregularly upon it. 

VII. It often happens, by theſe encroachments, that the nucleus i is divided 
into two or more nuclei. 
VIII. The nucleus vaniſhes ſooner than the PPT 


IX. Small umbræ are frequently ſeen without nuclei. 
X. An umbra of any conſiderable ſize is ſeldom ſeen without a nucleus. 


XI. When a ſpot, conſiſting of a nucleus and umbra, is about to diſappear, 
if it be not ſucceeded by a facula, or more fulgid appearance, the place it occu- 
pied, is, ſoon after, not diſtinguiſhable from any other part of the.ſun's ſurface. 


On the Rotation of the Moon. 


396. The latitude and longhtuds of ſome one ſpot, as et from the moon's 
center, muſt be determined (385) as for the ſun; but (referring to Fig. 89.) 
FS is not, as for the ſun, equal to go?, but it is the moon's diſtance from the 
pole of the ecliptic, for the pole of the ecliptic will not lie in the circumfe- 
rence of the moon's diſc, as in the caſe of the ſun, except when the moon is 
in the ecliptic ; for as the moon leaves the ecliptic, it is manifeſt that the pole 
of the ecliptic will poder upon the diſc, or recede behind the moon, by a 
quantity equal to the moon's latitude ; at the time of obſervation therefore, p& 
will be known, by knowing the moon's latitude ; alſo SM and the angle pSM 
are determined as for the ſun; hence we can compute pM the diſtance of the 
ſpot from the north pole of the ecliptic, and the angle SpM the difference 
between the longitude of the ſpot and that of the earth ſeen from the moon, 
therefore the longitude of the earth being known, the longitude of the ſpot 
ſeen from the moon's center will be known. We thus find the latitude and 
longitude of a ſpot at three different times, ſeen from the center of the 


moon, in reſpe& to the ecliptic, or to a circle drawn through the center of the 


moon parallel to the ecliptic; and with theſe three obſervations, we can de- 
termine the ſituation of the lunar equator, in the ſame manner as for the ſun ; 
but MayzR has given another method by approximation, by which he can 
employ more obſervations for one operation, and thereby increaſe the accuracy 
of the conchufion. Thoſe ſpots near the center are the beſt for this purpoſe, 
becauſe their change is moſt ſenſible; Mayz has therefore choſen that called 
Manilius, the obſervations upon which are contained in the following Table. 


True 
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_ * 


* x — * 7 5 Err | 
— bY — r — 
1748. p. H. M. 533602: dn 
April 17. 11. 30115. 4 o. 15. 30 
|— 13. 9. 30 13. 14]t. 10. 39 
May 11. 10. 56 13. 50 f. 20. 9 
16. 16. 11 6. 3803. 28. 52 
—— 17. 15. 56 5. 14. 11. 37 
ſune 5. 9. 58 16. 200. 19. 13 
* 13. 14. © . 5 6. 23 6. 47 
| 14. 12. 5001 f. 6. : 4. 304. 19. 13 
July 2. 9. 23118. . 35116. 17. 14. 42 
4. 6. 49] 17. : 5716. 16|t. 9. 27 
2 1 4417. 497. g 16. 71. 23. 25 
— 6. 8. 34/16. 2062. 37| 7. 21. 3405. 57 76. 4914. 52 2. ö. 26 
— 7. 9. 4015. 4358. 1008. 6. 155. 3076. 2613. 42. 19. 57 
— 8. 10. 415. 852. 8. 21. 334. 4476. 712. 143. 3. 47 
— 9. 11. 15,14. 38 44. 269. 7. 12. 38-76. 2/10. 303. 7. 42 
— 10. 12. 514. 3434. 40 9. 22. 50/2. 19 - | 75. 46 8. 294. 1. 19 
— 11. 13. 1515. 2323. 24/10, 8. 375175. 4 6. 16 4- 14. 53 
— 12. 13. 516. © |16. 57010. 23, 340. 30 x. 75. 13] 4. 464. 28. 20 
— 5.13. 35019. 38] 2. 14 o. 6. 36. 41-7. 4. 476. 7.24 
Aug. 3. 7. 5/16. 10160. 277. 29. 68056. 46 8.76. 3114. 25. 14. 23 
— 14. 11. 3420. 23 4. 161. 11. 24. 25 N. 74. 5 1. 33½ 12. 35 
Nov. 1. 5. 4419. 2715. 33 KT. 24. 42 ;. 474,210 5.19 6. o. 14 
| 2. 6. 2920. 2611. 500. 9. 113. 46-|73. 51] 4. 1616. 13. 17 
Br. J. 4 47 20. 54| 7. 19] O. 14. 444. 2173. 36 2. 436. 1. 27 
Jan. 28. z. Fe 8. 56 9. 59|2. 16. oz. 0-74. 22| 3-218. 19. 21 | 
Feb. 25. 11. 43017. 3014. 53 2+ 27. 53K. 0-|75- 6 4.33. 2. 28 
{March 4. 11. 4214. 46 54. 26 5. 22. 94. 42 8. 76. 5312. 17%. 4. 264 


1— 


397. Let D/ repreſent the face of the moon next to the earth; C the Fre. 
93. 


center of the moon's diſc ; MA the lunar equator, P it's pole; DNF the 
ecliptic referred to the moon's ſurface, or rather a circle paſſing through it's 
center parallel to the ecliptic, and which extended to the heavens may be con- 
ſidered as coinciding with it, p it's pole, which is not, as in the ſun, in the 
outward circle ; M Manilius, through which draw the great circles 
2MB, PM; and let ꝙ be the firſt point of Aries ſeen from the moon's cen- 

ter; then MB is the latitude of Manilius, which is a variable quantity, and 


known 


230 oon rn ROTATION or THE MOON» 
; known from obſervation, and therefore we know PM it's. men Pp; 1s. _ 


Mee 


| ML is the decl] nation* "of Manilivs ; wy þ N is the Jongitade of be; nude N 
of the lunar equator,” Now when” p falls between P and M, Mp is the leaſt; 
1 and when p Is oppolite, to that ſituation, Mp is the greateſt; and half the dif. 
ference | * Pp the diſtance of the poles, or the inclination of the lunar 
equator, to the ecliptio. But as Mp, is the complement of latitude of M, it. ĩs 
| ' manifeſt that the | above. mentioned. half difference is half the difference of the 
; greateſt and leaſt complements of latitudes of M. No by. inſpection in 
oy 9 gteateſt obſerved value of pM i is 50e, 59', and the leaſt value 
. 365 half the difference of which is 17. 41,5, which is nearly the 
55 of Pp, and would be accurately ſo, if we auld be ſure that the above 
yalues of PN were the greateſt and leaſt poſſible. * Alſo (369) the node V 
| of the lunar equator coincides, or nearly ſo, with the node; of the lunar orbit, 
Put a Pp, 6 LM, g = B, * . t = the diſtance of the node N of 
| the lunar equator from the nocle of 1 it's orbit, & =; the longi ade of the aſcend- 
ing node of the orbit; then k+t=opHN the longitude the: nade of the 
lunar equator; hence g= k=—1=WNB, or the angle NpB, and therefore MpP — 
90˙— -g+k+t, becauſe the great circle gaſſing through the poles of any 
two "great circles muſt be .9o* from thetf interſection, Now in the triangle 
| MPp, cos. cos. PN S cos. Fp x cos. ö + ſin. Pp > x ſin pM. x cos. PpM, that is, 
cos. 90⁴ . 905 5 S cos. 4 ener d. + ſin, aX 50 ba cos. 90˙ =g+k&+t, or ſin. h— 
eos. a'x cos. I + ſm. ax ſin. I x ſin. Tt. ' Now by plain trig. fin, Sf 
S fin, g= x cos, 1 - fin. 4 x gos. BN but ab 7 is very ſmall, we may 
| adume 15 1 15 ; ang as a.is alſo, very e os. 15 I; hence, by tu 7 ſub- 
ſtitution and tranſpoſition, ſin. 5 — cos. = fin. 4 fi in. þ x fin, g — 22 
38.2 x fin. hx ſin. P N cos. F. 2 = 90*— h + &, 
| where x myſt be very ſmall, it never being more than Pp; bens fin. þ = 570 


cos. A cos. & + fin. 4 & fin. x = (as cos. 4 1 very nearly, and ſin. 


r 


r* ) cos. A x x fin. A, therefore fin. 5 cos. h. = = ſin. 4 = b— 905 hy 

ſin. E. Subſtigute this quantity for ſin,,þ— cos. 4 in the above equation, divide 
by ſi ſin. I, and for ſin. achter a, and we have 5 905 = Sa x ſin. — 2 | 
4 x fin. f N cos. g = K. Now the quantities g. I, k are known from obſervation, 
to find a, b, t; to do which, we muſt form three equations vomithree e 
values s, and 5 e whence, we can find a, 75 H i | 


7 
. # 4 , 1 . 34114 thee 1K 


is v4 


* Writers upon this Nees call this the We Latitade, bak this males a EY of terms; 
1 ons choſen to call it Declination, it being che diſtance of the ſpot from the lunar equator. 
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ON THE ROTATION OF. TRE MOON. 


For this purpoſe, MAYER has: taken the ADK SS: on n July 2 ene oo 


- 


in amn * a e 5001-20 29 32d. ave. 04 A112 88 
FF t nn 10 
Times un Jake; | tn 159 5 1959431536 12171 uz, 
ſervation I at your 18 x at * $7590 4417 1o 3 . 3 
erte h een — r* — 
2 les * r LEP © 19 „„ „ 0. ene 
h = * 8 1 . O. 76. 5.5 0 . O. 75 46 . . 175 9. 74. 4 
„ 19. %, 14 „ 10% 8% % „ 10, , 82 


fin, Ex.. . + % 4 % 3 » · 9,8560 
cos. gx 4 » + 0,4152 „ oer +» wid, 


7 
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Theſe values ſubſtituted into the above equations give, 
5 —19%." 5= ＋0, 9097 0,41 524 x lin; 7, 
5-1. 14 = 4, 13024 40, 991 54 x fin. 7. 
52 15%. 56'== 0,8560a+0,51708 ſin. t. 


Subtract the firſt from the ſecond, and the ſecond from en en 


. 17 — — 1,7657a+0,93220 x fin. 7. 
PT er 102 '=— 598624 — 0,4745 x fins 7. 9 


Divide the firſt by 0,9 322, and che ſecond b —0,474 5 ad” 


2 —183,44==1, 89419+0 x fin. 7. Aut cots; alpar page 
21447 +2,07544+@.X ſin. 7. S 


Subtract the rſt "Shag the 1 and we get 3975 91 = ys 972 343 1 
2 100 1%. 400 ſubſtitute this value of a into one of the other two equations, 
and we get = 3e. 36's and theſe values: of 4 and t ſubſtituted into one of the 
three firſt equations, give 1. 33 the declination of Manilius. This value 
of t ſhows that the node of the lunar equator does not ſenſibly differ from the 
place of the node of the lunar orbit; and from any thing which appears here, 
they may accurately coincide, as there is no greater difference than what may 
ariſe from the inaccuracy to which the obſervations may be liable; for a very 
ſmall error in the obſerved place of Manilius, will make a conſiderable error in 
the place of the node. This determination alſo, gives the inclination of the 
moon's axis to the ecliptic = 1*. 40'. Produce pP to meet the ecliptic and 
moon's equator in r and 5; then rs = i. 40. Now the aſcending node of 
the moon's orbit, and the deſcending node of it's equator, are thoſe which go 


together. Let therefore Nv be the ſituation of the moon's orbit in reſpect to 
| 8 the 


ON THE ROTATION OF THE Moor. 


he ecliptic Nr, then ur g. ꝙ at the mean inclination of the lunar orbit; and 
as r i'. 40, we have vs, or the angle vNs, equal to 6*. 49 the inclination 
of the axis of the moon to the plane of it's orbit. To have all the accuracy 

poſſible, the three latitudes obſerved ſhould be very different, and NB about 
goꝰ; if two of the obſervations be towards the extreme latitudes; and the other 
near the node, the inclination will be determined with the greateſt accuracy ; 
and if two be near the node, aha one near the one laritudes the __ will 
whe beft determined. g 

To apply more than three a to one operation, . having 
calculated the 27 obſervations in the Table, formed 27 equations ſimilar to the 
three formed before; then he added nine of them together, and thus formed 
the nn 825 ions. 


8 11 18 8 = ee 0,5032. x ſin. . 
96— 140. 17 = 6, 14044 ＋ 1, 74434 & lin. . 
95-127. ,t 7.9649 x ſin. f. 


Ihe forming of theſe equations, nine equations were taken for the firſt, ſo 
as to make the poſſitive coefficient of @ as great as poſſible; nine for the ſe- 
cond, to make the negative coefficient the greateſt; and the third was formed 
from the other nine. By this means, when we exterminate all but a, it's co- 
efficient will be the greateſt, and will give the moſt accurate value of a. Pro- 
ceeding therefore as before, we get a=89',9 = 1. 3o' very nearly, differing 100 
from the other determination, which cannot be conſidered ſo accurate as this; 
5 = 14*. 33, the ſame as before; 7 =—*. 45, giving the longitude of the 
node of the lunar equator about as much leſs as the other gave it greater. 
This value of 2 gives the inclination of the moon's axis to the plane of it's 
orbit = G. 39. And as the longitude of the node of the moon's orbit at the 
beginning of 1748, was r0*. 18*. 56, that of it's equator was 10˙. 15%. 11“. 

In the year 1763, M. de la LAx DE, in the month of October, repeated theſe 
obſervations, and found the inclination to be 1®. 43“, and the declination of 
Manilius 145. 35'; he thinks this determination is more to be depended upon 
than that from the obſervations of MAYER. He alſo found the diſtance of the 
nodes of the moon 's orbit and equator to be about 2*, at a time when the diſ- 
tance of the node of the lunar orbit was-60* from the place where it was in 
1748. We may therefore, with CAss ix, conclude, that the nodes of the lunar 
equator agree with the mean place of the nodes of a lunar orbit, and conſequently 
their mean motions are the ſame. | 

398. The values of B and  N being known, we mne NB the longitude 
of M; and it's latitude MB being alfo known, together with the angle BN L, 


we 


— 
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the right aſcenſion at any intervals of time, and it appears that the right aſcen- 


ſion increaſes uniformly, therefore the rotation of the moon about it's axis is 


uniform, and conſequently is performed (355) in 27d. 7h. 4. 11% 5. 

399. As L is a fixed point upon the moon's ſurface, if the right aſcenſion 
of any other point eſtimated from L be found, and alſo it's declination, the 
ſituation of that point will be known. CIs we might wy down = figure 
of the lunar a; 


On the Rotation of the Planets. 


400. The Georgian is at ſo great a diſtance, that Aſtronomers, with their 
beſt teleſcopes, have not been able to diſcover whether it has wy revolution 
about it's axis. 

401. Saturn was ſuſpected by CussixI and Pare in 1683, to have a revo- 
lution about it's axis; for they one day ſaw a bright ſtreak, which diſappeared 
the next, when another came into view near the edge of it's diſc ; theſe ſtreaks 
are called Belts. In 1719, when the ring diſappeared, CAssixi ſaw it's ſhadow 
upon the body of the planet, and a belt on each fide parallel to the ſhadow. 
When the ring was viſible, he perceived their curvature was ſuch as agreed 
with the elevation of the eye above the plane of the ring. He conſidered them 
as ſimilar to our clouds floating in the atmoſphere; and having a curvature 
ſimilar to the exterior circumference of the ring, he concluded that they ought 
to be nearly at the ſame diſtance from the planet, and conſequently the atmo- 
ſphere of Saturn extends to the ring. Dr. HERScHET found that the ar- 
rangement of the belts always followed the direction of the ring; thus, as 
the ring opened, the belts began to ſhow an incurvature anſwering to it. And 
during his obſervations on June 19, 20 and 21, 1780, he ſaw the ſame ſpot in 
three different ſituations. He conjectured therefore, that Saturn revolved 
about an axis perpendicular to the plane of it's ring. Another argument in 
defence of this is, that the planet is an oblate ſpheroid, having the diameter 
in the direction of the ring to the diameter perpendicular to it as about 11: 10, 


according to Dr. HerscHEL; the meaſures were taken with a wire micrometer 


prefixed to his 20 feet reflector. The truth of his conjecture he has now 
verified, having determined that Saturn revolves about it's axis in 104. 16', o”,4. 
Phil, Tranſ. 1794. The rotation is according to the order of the ſigns. 

402. Jupiter is obſerved to have belts, and alſo ſpots, by which the time of 
it's rotation can be very accurately aſcertained. M. Cass1x1 found the time 
of rotation to be 94. 56', from a remarkable ſpot which he obſerved in 1665. 

G 6G In 


we can (393) find the right aſcenſion NL of Manilius. Hence compute 


33 


234 


* 


4 


on THE ROTATION OE THE PLANETS, 


In October 1691, he ohſerved two bright ſpots almoſt as broad as the belts; 

and at the end of the month he ſaw two more, and found them to revolve in 
9h. 51/; he alſo obſerved ſome other ſpots near Jupiter's equator, which ro- 
volved in. g. 300; and, in general, he found that the nearer the ſpots were to the 
equator, the quicker they revolved. It is probable therefore that theſe ſpots 
are not upon Jupiter's ſurface, but in it's atmoſphere; and for this reaſon alſo, 
that ſeveral ſpots which appeared round at firſt, grew oblong by degrees in a 
direction parallel to the belts, and divided themſelves into two or three ſpots. 
M. MaraLDr, from a great many obſervations of the ſpot obſerved by 
CassixI in 1665, found the time of rotation to be gh. 56'; and concluded 
that the ſpots had a dependence upon the contiguous belt, as the ſpot had 


never appeared without the belt, though the belt had without the ſpot. It 


continued to appear and diſappear till 1694, and was not ſeen any more 
till 1708; hence he concluded, that the ſpot was ſome effuſion from the 
belt upon a fixed place of Jupiter's body, for it always appeared in the ſame 
place. Dr. HRRSCREI found the time of rotation of different ſpots to vary; 
and that the time of revolution of the ſame ſpot diminiſhed ; fof the ſpot 
obſerved in 1778 revolved as follows. From February 25, to March 2, in 
gh. 55. 20”; from March 2 to the 14th, in 9h. 54. 58”; from April 7 to 
the 12th, in gk. 51 35% Alſo, from a ot obſerved in 1779, it's rotation 
was, from April 14 to the 19th, in 94. 51“. 45 from April 19 to the 23d, in 
gh. 500. 48“. This, he : obſerves, is agreeable to the theory of equinoctial 
winds, as it may be ſome time before the ſpot can acquire the velocity of the 
n and if Jupiter's ſpots ſhould be obſerved in different parts of it's year 

celerated and retarded, it would amount almoſt to a demonſtration 


_ of it's Wi den and their periodical changes. M. SCHROETER makes the 


time of rotation 9h. 55. $6”,6 ; he obſerved the fame variations as Dr. Hzr- 
SCHEL. The rotation is according to the order of the ſigns. This planet is 
obſerved to be flat at it's poles. Dr. Pound meafured the polar and equa- 
torial diameters, and found them as 12 : 13. Mr. Snort made them as 
13: 14. Dr. BrxaDLEY made them as 12,5 : 13,5. Sir I. NEwToN makes 
the ratio 91: 10+ by theory. The belts of Jupiter are generally parallel to 
it's equator, which is very nearly parallel to the ecliptic ; they are ſubject to 
great variations, both in reſpect to their number and figure; ſometimes eight 
have been feen at once, and at other times only one; ſometimes they conti- 
nue for three months without any variation, and 2 a new belt has 
been formed in an hour or two. From their being ſubject to ſuch changes, 
it is very probable, that they do not adhere to the body of Jupiter, but exiſt in 
it's atmoſphere, 


403. GALILEO 


ON Tu ROTATION on | THE /PLANE TS) 


403. Gar Ro diſcovered the phaſes of Marr; after-which, ſome Italians, 
in 1636, had an imperfect view of a ſpot. But in 1666, Dr. Hoox and 
M. Cass1n1 diſcovered ſome well defined ſpots; and the latter determined 
the time of the rotation to be 244. 40. Soon after, M. Max ATL Dr obſerved 
ſome ſpots, and determined the time of rotation to be 24h. 39'. He alſo ob» 
ſerved a very bright part near the ſouthern pole, appearing like a polar zone ; 
this, he ſays, has been obſerved for 60 years; it is not of equal brightneſs, more 
than one half of it being brighter than the reſt; and that part which is leaſt 
bright, is ſubje& to great changes, and has ſometimes diſappeared. Something 
like this has been ſeen about the north pole. The rotation is made according 
to the order of the iges. Dr. HERscHEL makes the time of a fidereal revolu- 
tion to be 24. 39. 21,67, without the probability of a greater error than 
234. He propoſes to find the time of a ſidereal revolution, in order to diſ- 
cover, by future obſervations, whether there is any alteration in the time of the 
revolution of the earth, or of the planets, about their axes; for a change of 
either would thus be diſcovered. He choſe Mars, becauſe it's ſpots are perma- 
nent. See the Phil. Tranſ. 1781. From further obſervations upon Mars, 
which he publiſhed in the P4il. Tran. 1784, he makes it's axis to be inclined 
to the ecliptic 59e. 42 and 61. 18“ to it's orbit; and the north pole to be 
directed to 175. 47 of Piſces upon the ecliptic, and 190. 48“ on it's orbit. 
He makes the ratio of the diameters of Mars to be as 16: 15. Dr. Masxs« 
LYNE has carefully obſerved Mars at the time of oppoſition, but could not per- 
ceive any difference in it's diameters. Dr. HERSCHEL ne that — * | 
a conſiderable atmoſphere. | 
404. GALILEO rſt diſcovered the pliaſes of r. in wy, and ſont the 
diſcovery to WILLIAM de? Mepict, to communicate it to KEPITER. He 
ſent it in this cypher, Hæc immature a me fruſtra leguntur, o, , which put in 
order, is, Cynthie figuras emulatur mater amorum, that is, Venus emulates the phaſes 
of the moon. He afterwards wrote a letter to him, giving an account of the 
diſcovery, and explaining the cypher. In 1666, M. Cass1m1, at a time when 
Venus was dichotomiſed, diſcovered a bright pot upon it at the ſtraight edge, 
like ſome of the bright ſpots upon the moon's ſurface ; and by obſerving it's 
motion, which was upon the edge, he found the ſidereal time of rotation to 
be 23h. 16. In the year 1726, BLANcHINI made ſome obſervations upon 
the ſpots of Venus, and aſſerted the time of rotation to be 24+ days; that the 
north pole anſwered to the 20" degree of Aquarius, and was elevated 15* or 20 
above it's orbit ; and that the axis continued parallel to itſelf. The ſmall angle 
which the axis of Venus makes with it's orbit, is a ſingular circumſtance ; and 


muſt cauſe a very great variety in the ſeaſons. M. Cass ix, the Son, has vin- 
G G 2 dicated 
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dicated his Father, and ſhown, from BLraxcaini's obſervations being inter- 
rupted, that he might cafily miſtake different fpots for the ſame ; and he con- 
cludes, that if we ſuppoſe. the periodic time to be 23h. 20', it agrees equally 
with their obſervations; but if we take it 24+ days, it will not at all agree 
with his Father's obſervations. M. ScaRoETER has endeavoured. to ſhow 
that Venus has an atmoſphere, from obſerving that the illuminated limb, when 
horned, exceeds a ſemicircle; this he ſuppoſes to ariſe from the refraction of the 
ſun's rays through the atmoſphere of Venus at the cuſps, by which they ap- 
pear prolonged. The cuſps appeared ſometimes to run 15%. 19 into the dark 
hemiſphere; from which he computes that the height of the atmoſphere to 
refract ſuch a quantity of light muſt be 1.51.56 Paris feet. But this muſt de- 
pend on the nature and denſity of the atmoſphere, of which we are ignorant. 
Phil. Trasſ. 1792. He makes the time of rotation to be 234. 21, and con- 
cludes, from his obſervations, that there are conſiderable mountains upon this 
planet. Phil. Tray. 17956. Dr. HERSCHEL agrees with M..ScaRoETER, that 
Venus has a conſiderable atmoſphere; but he has not made any obſervations, 
by r ee no the-time of agg. or che poſition of the. 
axis. Phil. Tranſe 1793. 
--405- The phaſes of Merewry are. are Aiſtinguiſhed 1 to be like thoſs of 
Venus; but no ſpots have yet been diſcovered by (which we can aſcertain 

whether it has any rotation. 
406. There is reaſon to believe that the ſatellites of Tupiter and 3 re- 
volxe about their axes; for the ſatellites of the former appear at different 
times to be of very different magnitudes and brightneſs. The fifth ſatellite 
of Saturn was obſerved by M. Cas51x1, for. ſeveral years as it went through 
thei caſtern. part af it's orbit, to appear leſs, and leſs, till it became inviſible; 
and in the weſtern part to increaſe again. Theſe phænomena can hardly 
be accounted for, but by ſuppoſing ſome parts of the ſurfaces to be unfit to re- 
flect light, and therefore when ſuch parts are turned towards the earth, they 
appear to grow.lels, or to diſappear. As the ſame appearances of this ſatellite 
returned again hen it; came to the ſame part of it $ orbit,. it affords an argu- 
ment that the time of the rotation about it's axis is equal to the time of it's 
reyolution about its primary, a circumſtance ſimilar to the caſe of the moon 
and earth. See Dr. HERSSREI's account of this in the Pil. Tranſ. 1792. 
The appearance of this ſatellite of Saturn i is not always the ſame, and therefore, 


it is ane tha be d PANTS are not permanent, 
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ON THE SATELLITES. 


Art. 467% N January 8, 1610, GALILEO diſcovered the four ſatellites of 

Jupiter, and called them Medicea Sidera, or Medicean Stars, in 
honor of the family of the Mzprer, his patrons. This was a diſcovery, very 
important in it's conſequences, as it furniſhed a ready method of finding the. 
longitudes of places, by means of their eclipſes ; the eclipſes led M. RoRMRR 
to the diſcovery of the progreſſive motion of light; and hence Dr. BxaDLEyY. 
was enabled to ſolve an apparent motion in the fixed ſtars, which could not 
otherwiſe have been accounted for. 

408. The fatellites of Jupiter in going from the weſt to the eaſt are 
eclipſed by the ſhadow of Jupiter, and as they go from eaſt to weſt are ob- 
ſerved to paſs over it's diſc; hence they revolye about Jupiter, and in the ſame 
direction as Jupiter revolves about the fun. The three firſt ſatellites are always 
eclipſed, when they are in oppoſition to the ſun, and the lengths of the eclipſes 
are found to be different at different times; but ſometimes the fourth ſatel- 
Kte paſſes through oppoſition without being eclipſed. Hence it appears, that 
the planes of the orbits do not coincide with the plane of Jupiter's orbit, for 
in that caſe, they would always paſs through the center of Jupiter's ſhadow, 
and there would always be an eclipſe, and of the ſame, or very nearly the ſame 
duration, at every oppoſition to the ſun. As the planes of the orbits which, 
they deſcribe ſometimes paſs through the eye, they will then appear to deſcribe 
ftraight lines paſſing through the center of Jupiter; but at all other times they | 
wil appear to deſcribe ellipſes, of which Jupiter is the center. 


On the Periodic Times, and Diflances of Fupiter"s Satellites. 


409. To get the times of their mean Hynodic revolutions, or of their revolu- 
tions in reſpect to the ſun, obſerve, when Jupiter is in oppoſition, the paſſage 
of a ſatellite over the body of Jupiter, and note the time when it appears to 
be exactly in conjunction with the center of Jupiter, and that will be the time 
of conjunction with the ſun. After a conſiderable interval of time, repeat the 


ſame obſervation, Jupiter being in oppoſition, and divide the interval of time 
by 


238 
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by the number of conjunctions with the ſun in that interval, and you get the 
time of a ſynodic revolution of the ſatellite. This is the revolution which we 
have occaſion principally to conſider, it being that on which the eclipſes de- 
pend. But owing to the equation of Jupiter's orbit, this will not give the 
mean time of a ſynodic revolution, unleſs Jupiter was at the ſame point of it's 
orbit at both obſervations ; if not, we muſt proceed thus. 

410. Let APR be the orbit of Jupiter, & the ſun in one focus, and F the 
other focus; and as the excentricity of the orbit is ſmall, the motion may be 
confidered (227) as uniform about F. Let Jupiter be in it's aphelion at A in 
oppoſition to the earth at 7, and L a ſatellite in conjunction; and let I be the 
place of Jupiter at it's next oppoſition with the earth at D, and the ſatellite in 
conjunction at G. Then if the fatellite had been at O, it would have been in 
conjunction with F, or in mean conjunction; therefore it wants the angle FIS 
of being come to the mean conjunction, which angle is (227) the equation of 
the orbit according to the /fmple elliptic hypotheſis, which may be here uſed, as 
the excentricity of the orbit is but ſmall; the angle FIS therefore meaſures 
the difference between the mean ſynodic revolutions in reſpect to F, and the 
ſynodic revolutions in reſpect to the fun S. If therefore # be the number 
of revolutions which the ſatellite has made in reſpect to the ſun, 1 x 360% 
SI = the revolutions in reſpe& to F; hence 2 x 360 SF: 360* :: the 
time between the two oppoſitions: the 4 time of a mean ſynodic revolution 
about the ſun. 

411. As the ſatellite 15 at O at the mean conjunction, and at & when in 
conjunction with the ſun, it is manifeſt, that if the angle FIS continued the 
ſame, the time of a revolution in reſpect to & would be equal to the time in 
reſpect to F, or to the time of a mean ſynodic revolution; hence the difference 


between the times of any two ſucceſſive revolutions in reſpect to & and F reſpec- 


tively is as the variation of the angle FIS, or variation of the equation of the 
orbit. When Jupiter is at A the equation vaniſhes, and the times of the two 
conjunctions at F and & coincide. When Jupiter comes to I, the mean con- 


junction at O happens after the true conjunction at G, by the time of deſcrib- 


ing the angle S IF, the equation of Jupiter's orbit. This is the fr/ inequality, 
and has for it's argument a number called 4, which is the mean anomaly of 
Jupiter, calculated to hundredths of a degree. By this inequality of the inter- 
vals of the conjunctions, the returns of the eclipſes are affected. 

412. But as it may not often happen that there will be a conjunction of the 
ſatellite exactly at the time when Jupiter is in oppoſition, the time of a mean 
revolution may be found, out of oppoſition, thus. Let H be the earth when 


the ſatellite is at Z in conjunction with Jupiter at R; and let Y be another 


poſition of the earth when the ſatellite is at C in conjunction with Jupiter at 1; 
and 
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and produce RH, to meet in M; then the motion of Jupiter about the 
earth in this interval is the ſame as if the earth had been fixed at MA. Now 
the difference between the true and mean motions of Jupiter is RI RMI — 
FIM+#FRM, which ſhows how much the number of mean revolutions in 
reſpe& to F exceeds the ſame number of apparent revolutions in reſpect to the 
earth; hence n x 360*— MIF—- MRF : 360 :: the time between the obſer- 


' vations :' the time of a mean ſynodic revolution of the ſatellite. If CandZ 


lie on the other fide of O and , the angles MIF, MRF muſt be added to 
n x 360®; and if one lie on one fide and the other on the other, one mull be 
added and the other ſubtracted, according to the circumſtances. | 

413. As it is difficult, from the great brightneſs of Jupiter, to determine 
: accurately the time when the ſatellite is in conjunction with the center of Ju- 
piter as it paſſes over it's diſc, the time of conjunction is determined by ob- 
ſerving it's entrance upon the diſc, and it's going off; but as this cannot be 
determined with fo much accuracy as the time of immerſion into the ſhadow 
of Jupiter, and emerfion from it, the time of conjunction can be moſt accu- 
Tately determined from the eclipſes. 

414. Let I be the center of Jupiter's ſhadow FG, Nit the orbit of a ſatel- 
lite, N the node of the fatellite upon the orbit of Jupiter; draw 1v perpendi- 
cular to IN, and Ic to Nz; and when the ſatellite comes to v it is in con- 
junction* with the ſun. Now both the immerſion at w and emerſion at ? of 
of the ſecond, third, and fourth ſatellites may ſometimes be obſerved, the 
middle point of time between which gives the time of the middle of the 
ecclipſe at c, and by calculating cv, from knowing the angle N and NI, we 
get the time of conjunction at v. If both the immerſion and emerſion cannot 
be obſerved, take the time of either, and after a very long interval of time, 
when an eclipſe happens as nearly as poſſible in the ſame fituation in reſpect 
to the node, take the time of the ſame phænomenon, and from the interval of 
theſe times you will get the time of a revolution. By theſe different methods, 
M. Cass1n1 found the times of the mean Hnodic revolutions of the four 


ſatellites to be as follows; 


Fauſt Second Third Fourth 


— 


| * | 
1. 18). 28. 36% * = 17. 54” = 3. 59'. 36/16“. 18. 5. 7“ 


- 


„A Satellite is ſaid to be in conjunction, both when it is between the Sun and Jupiter, and 
when it is oppoſite to the Sun; the latter may be called Sperior, and the former Inferior. 


a 


415. Hence 


Fis. 
95+ 
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415. Hence it appears, that 247 revolutions of the firſt ſatellite are per- 
formed in 437d. 3h. 44; 123 revolutions of the ſecond, in 437d. 34. 41'; 6t 
revolutions of the third, in 437d. 34. 35, and 26 revolutions of the fourth, in 


4359. 14h. 13. Therefore after an interval of 437 days, the three firſt ſatel- 
lites return to their relative fituation within nine minutes. 


416. In the return of the ſatellites to their mean conjunction, they deſcribe 
a revolution in their orbits together with the mean angle «a* deſcribed by Ju- 
piter in that time; therefore to get the periodic time of each, we muſt ſay, 
360˙ᷓ -: 360* :: time of a ſynodic revolution: the time of a periodic revo- 
lution ; hence the periodic times of each are; 


— m—_—_— 


Firſt - Second Third Fourth | 


— 


1 185 5 0 33” 4". 13%. 35 42” 7. 1 42 33 16*, 16*, 32. 8” 


— — _ "I OY 


of 


417. The diſtances of the ſatellites from the center of Jupiter may be 
found at the time of their greateſt elongations, by meaſuring, with a micro- 
meter, at that time, their diſtances from the center of Jupiter, and alſo. the 
diameter of Jupiter, by which you get their diſtances in terms of the diameter. 
Or it may be done thus. When a fatellite paſſes over the middle of the diſc 

of Jupiter, obſerve the whole time of it's paſſage, and then, the time of a re- 
volution: the time of it's paſſage over the diſc :: 360? : the arc of it's orbit 
correſponding to the time of it's paſſage over the diſc ; hence, the ſine of half 
that arc : radius :: the ſemidiameter of Jupiter : the diſtance of the fatellite. 
Thus M. Cass IxI determined their diſtances in terms of the ſemidiameter of 
Jupiter to be, of the frf 5,67, of the ſecond , of the third 14,38, and of the 
fourth 25,3. 

418. Or having determined the periodic times and the diſtance of one 
ſatellite, the diſtances of the other may be found from the proportion of 
the ſquares of the periodic times being as the cubes of their diſtance. 
Dr. Povxp, with a teleſcope 15 feet long, found, at the mean diſtance of 
Jupiter from the earth, the greateſt diſtance of the fourth ſatellite to be 8“. 16”; 
and by a teleſcope 123 feet long he found the greateſt diſtance of the Aird to 
be . 42”; hence the greateſt diſtance of the ſecond appears to be 2. 56”. 47”, 
and of the fit 1. 51”. 6”. Now the diameter of Jupiter, at it's mean diſtance, 
was determined, by Sir I. NzwToN, to be 37”; hence the diſtances of the 
fatellites, in terms of the ſemidiameter of Jupiter, come out 5,965 ; 9,494 ; 
15,141, and 26,63 reſpectively. Prin. Math, Lib. ter. Phan, 


419. Hence 
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418. Hence by knowing; the greateſt elongations of the fatellites in minutes 
and ſeconds, we get their diſtances from the center of Jupiter compared with 
the mean diſtance of Jupiter from the earth, by ſaying; the fine of the greateſt 
elongation of the ſatellite: radius :: the diſtance of the ſatellite from Jupiter : 
the mean 2 1 Jopites from the earth. | 


———äůä— ²˙ 2 eee eee 
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419. | The bent af the audi with the . and their eclipſes, cannot 5 
(411) return at equal intervals of time, on-account of the unequal motion of 
Jupiter, which conſtitutes the greateſt inequality; becauſe: theſe intervals are 
equal to a revolution in their orbits increaſed by the time of deſcribing an 
angle equal to that which Jupiter has deſcribed in theſe intervals, which angle is 
variable. The true conjunctions compared with the mean may therefore vary 
by twice the greateſt equation of. Jupiter's orbit, or by 11“. 8“ 2” according to 
M. WARCGENTIN; becauſe Jupiter 1 in one part of it's orbit will be F. 34.5 
behind it's mean place, and in another part 5. 3. 1“ before it. To find 
this inequality, or equation, in time, ſay, 360: 5. 34. 1“ :: a ſynodic revo - 
lution: the equation anſwering to the greateſt equation of Jupiter's orbit, 
which is found to be 39“. 22“, 1h, 19“. 13“, 21. 39% 42”, and 64. 12“ 59” 
for the firſt, ſecond, third and fourth ſatellite reſpectively. This equation 
depending on Jupiter's anomaly, has (4 1) for it's argument A the mean ano- 
maly of Jupiter. But as the excentricity, and conſequently the greateſt equa- 
tion of Jupiter's orbit, is ſubje& to a change, this equation muſt alſo be 
variable M. Cass1n1 firſt employed this equation in calculating the eclipſes. 

420. Another equation ariſes from the progreſſive motion of light. 
When the earth is at 7 and Jupiter in oppoſition at A, the eclipſe begins Fi. 
ſooner by 16“. 15“ than when the earth is at N, and Jupiter at 4, light 94. 
taking that time to move over the diameter of the earth's orbit. If therefore 
we ſuppoſe Jupiter to revolve. about the ſun in a circle at it's mean diſtance, 


„M. CAssIxI firſt ſuſpected that light was progreſſive, from obſerving that the immerſions of 
the fr ſatellite, as they are obſerved from the conjunction of Jupiter to it's oppoſition, took 
place ſooner and ſooner in reſpect to the computed time; and that the emerſions, as they are 
obſerved from oppoſition to conjunction, took place later and later. But he perceived that if he 
admitted this for the ſirſt ſatellite, it muſt be admitted for the three others, which did not appear 
to him to require this equation; he therefore gave up the idea. M. Rozmer did not think that 
M. Cass1in1's objection to the progreſſive motion of light was well founded; he therefore 
adopted the idea, and eſtabliſned the fact. Dr. HALL RAV obſerved, that it was neceſſary to allow 


ſor the motion of light in the other ſatellites. 


H n 1 ”— | and 
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and © and w be the places of the earth when at it's mean diſtance from 
Jupiter, whilft the earth is in the part vNe of it's orbit, the light from 
the fatellite comes later to the earth, than when at it's mean diftance ; and 
when the earth is in the part wTv, the light comes fooner 3 conſequently the 
eclipſe happens later in the former caſe, and ſooner in the larter, than it would, 
if the earth were at it's mean diſtance. This difference conſtitutes the 
firft and greateſt equation of light; it is nothing when Jupiter is at it's mean 
diſtance from the earth, and is at it's maximum when Jupiter is in conjunction 
and oppoſition, at which time it's quantity is half 16. 15”, or 8. 5. 
This equation is fubtractive in vNe, and additive in D; and has for it's 


argument, the elongation of Jupiter from the ſun. But Jupiter does not move 


in a circular orbit; and if A4 be the apogee and P the perigee, the difference 
between 48 and PS is ſuch that light moves through PS in . 5 ſooner than 
it does. through 48. Now this equation beginning when Jupiter is at it's 
mean diſtance, the half of 4. 5", or 2. 2”,5, is the greateſt equation ariſing 
from this cauſe, the excentricity of the orbit. Hence the argument for this 
equation is the anomaly of Jupiter. This equation is additive when Jupiter is 
at a /eſs than it's mean diftance, and fubtractive, when at a greater. This is 
the ſecond equation of light. Thefe three equations, that is, the equation of 
Jupiter's orbit (419) and the two equations of light, are manifeſtly common 
to all the ſatellites, the apparent times at which the eclipſts of all the ſatellites 
happen, being equally: affected by them. But beſides theſe equations, there 
are others which belong to each, the manner of determining which has gene- 
rally been, to compare a great number of obfervations with the calculations, 


after taking into confideration the preceding equations, and the difference be- 
tween ſuch compurations and the obſervations muſt give the equation required. 
Such an equation however may be the reſult of ſeveral inequalities, in which 
caſe it muſt- be ſeparated into feveral equations ; and by trying one ſet of 
equations after another, and by increafing ſome and diminiſhing others, or 
adding new ones, Aſtronomers have made their Fables agree very well with 
obſervations. Equations thus introduced, are called Zmpyric. And this is 
the only way, where there 1s not proper data to compute their value from 
theory, or to ſeparate: them by. The uncertainty of the quantity of matter in 
the ſatellites, renders the theory, in eſtimating the effects of the e forces 
upon each other, ſubject to the ſame degree of uncertainty. © 

421. M.BaitLy, in his Eſſai fur la Theorie des Satellites de Jupiter, has ſhown, 
that the inequalities of the f ſatellite ariſe from the attra&ion of the ſecond, 
which produces an equation of about 3'. 30“ in time, or of 29/. 30“ on the orbit, 
as was found by M. WANOENTIX. In the year 1719, Dr. Bx ADI EY found 
that in the years 1682, 1695, 1718, ng * of the firſt ſatellite laſted about 

2h, 
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2h, 20'; but at the other node in 1677 and 1689, the duration was only 24. 143 
this appeared to indicate, that the motion of the ſatellite was not uniform, and 
-conſequently that the orbit might be excentric; he nevertheleſs ſuſpected that 
it aroſe from the attraction of the ſecond, as the reader may ſee in the Phil. 
Tranſ. 1726. M. WarctxTin's Tables, which agree very well with obſer- 
vations, contain this equation. M. BaiLLy and M. de la GRAN RE examined 

this matter very fully, and found that all the irregularities of the firſt ſatellite 
aroſe from the attraction of the ſecond, and produced an effect of about 3“. 30” 


in time. This equation is as the ſine of the diſtance from the point where 


it is nothing. 


422. The ſecond ſatellite is ſubject to the greateſt irregularities. It appears 
from obſervation, that the equation amounts to about 16'= in time, of which 


the period is 437 days, which indicates that it is produced by the attractions of 
the firſt and third, for in that time the: three firſt ſatellites return to the ſame 
ſituation in reſpe& to Jupiter. M. BarLLy ſuſpected an excentricity of the 
orbit, and a motion of it's apſides; but this he ſpeaks of as a circumſtance 
very doubtful. 

423. The zhird ſatellite "ou it's motion diſturbed by the firſt, ſecond and 
fourth; the whole effect of theſe, according to M. BAIL II, produces an equa- 
tion of 16“. 11“ of a degree. M. WARCGENTIx makes it, from obſervation, 


to be 16. 46” in the Tables publiſhed in 1759; but in the laſt edition of his 


Tables, he has employed three equations; one about 202 of time, of which 
the period is 437 days, which he determined from obſervation ; the other two 
are 47 and 2/: of time, and which he determined alſo from obſervation; 
the periods of theſe are about 12% and 14 years. Perhaps, ſays he, the varia- 
tion of the excentricity of the orbit is ſubject to ſome change, which may 
produce the two laſt equations. He afterwards doubted, whether it would 
not be better to ſubſtitute one equation inſtead of theſe two. M. de la Lanvpz 
fays, that the third equation may be ſuppreſſed, and the computations will 
then not deviate much from obſervation. M. MarALpi ſuſpected that this 
ſatellite had an equation of it's center, and that the annual motion of it's apſide 
was 1». 30. M. BAILLY having calculated a great number of obſervations, 
and compared them with his Theory, after allowing for all the other equations, 
found it neceſſary to aſſume 10 for the equation of it's center; he alſo found 
it neceſſary to give a motion to the apſides of about 25 in a year; but this 
motion appeared to him to be rather too ſmall to ſatisfy the obſervations. 
According to his Theory, the motion of the apſides is 29. 12'. 3”, from the 
diſturbing force of the ſun, and the action of the other ſatellites, without taking 
into conſideration the figure of Jupiter, which will alſo cauſe a motion of the 


apfides. He 5 to che equation of the center, five other equations; the 
H H 2 firſt 
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firſt of 25" from the action of the fir ſatellite; the ſecond of 4'. 10“ 858 the 
action of the ſecond; the third of 1“. 19“ from the action of the ſecond, on 
account of the excentricity of the vebit.; and laſtly, two others of 17“ and 59” 

from the action of the fourth. Theſe equations, M. Ba1LLy ſays, may in 
certain caſes go as far as 160. 11”, which is very nearly 16“. 46“, the value of 
the total equation which had been before determined by obſervation. 

424. Dr. BR ADL ET found by obſervation, that the orbit of the fourth ſatellite 
was elliptical, and made the greateſt equation ob. 48. Before this was publiſhed, 
M. MaRAL DIT had obſerved, that M. Cass1n1's Tables erred nearly two 
hours, and always the ſame way, when Jupiter returned to the ſame point of 
it's orbit ; and that the error was nothing, when Jupiter was at it's mean diſ- 
tance. This might evidently ariſe from the excentricity of the orbit; for as 
Jupiter revolved about the ſun and carried the orbit of it's ſatellite with it, 
in one revolution of Jupiter, the apfides of the orbit of the ſatellite would have 
had every poſition in reſpect to the ſun; ſo that the ſatellite would ſometimes 
eome into oppoſition to the ſun when it was in it's lower apſide, where it's 
motion was greateſt, and therefore the eclipſe would happen ſooner than if it's 
mot ion was uniform ; ſometimes the eclipſe would happen when the ſatellite 
was in it's higher apſide, and then it's motion being ſloweſt, the eclipſe would 
happen later; ſometimes the eclipſe would happen when the ſatellite was at it's 
mean diſtance, and then the true motion being equal to it's mean, the time 
of the eclipſe would happen at the time by computation according to it's mean 
motion. From a compariſon of the true and mean place of the ſatellite in it's 
orbit, M. MARAL DI found the equation of the center to be 559 56“. Ac- 
n to the Tables of M. WARGEENTIx, this equation amounts to 14. O.. 
30”. The attractions of the other ſatellites do not ſenſibly affect it's motion; 
but M. BAIL IL found two or three ſmall inequalities ariſing from the action 
of the ſun; he fixed the equation of —— at 500. 20“, and the motion of 
che apſides 45. 18” in a year. In the year 1717, Dr. BRADLEx found the 
place of the apſide to be 11“. 8%; but the obſervations i in 1671, 1670 and 
1677, require the place in 1677 to be 100. 14% hence he fixed the motion at 
about 36“ in a year; and found this to agree very well with obſervations. 
M. MarartDt made the motion of the apſides 44. 15” in a year; and the 
place of the apſide 10˙. 295. 22 for the beginning of 1700; and the mean lon- 
gitude at that time 7. 17% 18. 2”, Upon this bypothes. he computed 152 


obſervations, of which not above 30 differed more than 5: minutes from ob- 
ſervations, amongſt which, 4 only differed 10“, and only 3 differed 1 „ This 

Was nearer than could have been expected, conſidering that the diſturbing force 
of Saturn was not confidered. The motion of the apſides ariſes partly from the 
attraction of the ſun, and partly from the figure of the body of Jupiter. But 
it 


— 
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it being uncertain whether Jupiter be homogeneous, or what is the accurate 
ratio of it's diameters, the part which ariſes from the figure of the planet muſt 
be very uncertain. M. de la PLact found an equation of 1'. 54” of a degree, 
which depends on the action of the ſun and on the diſtance of Jupiter from it's 
aphelion ; this is ſimilar to the annual equation of the moon; and another of 
about 28”, which anſwers to the evection of the moon. 
42 5. M. MARALPDI found the excentricity of the orbit, in the manner de- 
ſcribed in Article 340. In the conjunction on Aren 6, 1708, he found the 
place of the ſatellite on it's orbit to be 5*. 2. 565. 26”, and on March 3, 
- F753, to be 3“. 15%. 51“. 7“; hence the true motion was 9“. 17. 55. 41”; but 
the mean motion in the ſame time was gf. 197. 13“. 5”, or 15. 17'. 24“ greater. 
Between the obſervation in 1708, and one on Auguſt 4, 1759, he found the 
true motion greateſt by 34. 28”; hence half the ſum of 15. 17. 24” and 34. 28”, 
or 55. 56”, is the greateſt equation of the orbit. | 
426. The reduction of the orbit of a ſatellite to the orbit of Jupiter, furniſhes 

another equation. Let I be the center of the ſhadow of Jupiter, N# the orbit F16- 
of the ſatellite, draw Iv perpendicular to NI the plane of Jupiter's orbit, and 957 
Ic perpendicular to Vr, and take Na VI. The point @ is here called the 

conjunction of the ſatellite, that point upon the orbit having (268) the ſame 

longitude as the point J, or Jupiter; at c is the middle of the eclipſe, and ac 

is called the Reduction; when the ſatellite is at v it is in conjunction in reſpect 

to the orbit of Jupiter. The reduction is ſubtractive when the argument 

of latitude is between o' and go?, and between 180? and 270% and additive 

for the other two quadrants. 

M. de la LanDE, in the laſt edition of his 1 has given new 
Tables of Jupiter's ſatellites, computed by M. de LAukRE, from the theory 
of their mutual attractions, given by M. de la PLacs, in the Mem. de 1* Acad. 

1784, 1788; the theory gave the form of tlie equations; the values of the co- 
efficients were determined from obſervation. He alſo introduced the effect ariſ- 
ing from the diſturbing force of Jupiter. In theſe Tables there are no empyric 
equations, and M. de la LaxDE fays they give the times of the eclipſes toa 


degree of accuracy, beyond what. could be expected. 
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427. Let S be the ſun, EF the orbit of the earth, I Jupiter, abc the orbit Fis. 
of one of it's ſatellites. When the earth is at E before the oppoſition of Ju- 96. 
Piter, the ſpectator will ſee the immerſion at ; but if it be the firſt ſatellite, 


upon account of it's nearneſs to Jupiter the emerſion is never viſible, the ſa- 
tellite 
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Call , to radius unity, and put Ia; chen 1:5: r: ab Ser; and if v the 
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tellite being then always behind the body of Jupiter; the other three ſatellites | 
may have both their immerfions and emerſions viſible ; but this will depend 


upon the poſition of the earth. When the earth comes to F after oppoſition, 
we ſhall then ſee the emerſion of the firſt, but can never ſee the immerſion, and 


may ſee both the emerſion and immerſion of the other three. Draw Zr; then 


5r, the diſtance of the center of the ſhadow from the center of Jupiter referred 


to the orbit of the ſatellite, is meaſured at Jupiter by sr, or the angle:s[r=E1S 


the annual parallax. The ſatellite may be hidden behind the body at r with- 


out being eclipſed, which is called an Occultatiou. When the earth is at E, 


the conjunction of the ſatellite happens later at the earth than at the ſun; but 
when the earth is at F, it happens ſooner. 

428. The diameter of the ſhadow of Jupiter at the Aiftance of any of the 
ſatellites, is beſt found by ebſerving the time of an eclipſe when it happens at 
the node, at which time the ſatellite paſſes through the center of the ſhadow ; 

For the time of a ſynodic revolution: the time the ſatellite is paſſing through 
the center of the ſhadow :: 360? : the diameter of the ſhadow in degrees. But 
when the firſt and ſecond ſatellites are in the nodes, the immerſion and emer- 
ſion cannot both be ſeen. Aſtronomers therefore compare the immerſions ſome 
days before the oppoſition of Jupiter with the emerſions ſome days after, and 
then knowing how many ſynodic revolutions have been made, they get the 
time of the tranſit through the ſhadow, and thence the degrees correſponding, 
But on account of the excentricity of ſome of the orbits, the time of the cen- 
«tral tranſit muſt vary: for example, the ſecond ſatellite is ſometimes found to 
be 2k. 50“ in paſſing through the center of the ſhadow, and ſometimes 2h. 54; 
this indicates an excentricity. 

429. The duration of the eclipſes being very unequal, aces that the orbits 


are inclined to the orbit of Jupiter; ſometimes the fourth ſatellite paſſes through 


oppoſition without ſuffering an eclipſe. The duration of the eclipſes muſt 
therefore depend upon the ſituation of the nodes in reſpect to the ſun, juſt the 
fame as in a lunar eclipſe; when the line of the nodes paſſes through the ſun, 
the ſatellite will paſs through the center of the ſhadow ; but as Jupiter revolves 
about the fun, the line of the nodes will be carried out of conjunction with 
the ſun, and the time of the eclipſe will be ſhortened, as the ſatellite will then 
deſcribe only a chord of a ſection of the ſhadow inftead of the diameter. 

430. Let S be the ſun, I Jupiter, Nin the plane of Jupiter's orbit, Ncas 
the orbit of one of it's ſatellites, Nx the line of the nodes; draw Ia, Ih per- 
pendicular to Nu, and ab perpendicular to the plane Nb#v ; and let c be the 
point in oppoſition to the ſun, and draw cd perpendicular to Nn. Now 
the angle Ib is the inclination of the orbit of the ſatellite, whoſe fine we will 


fine 
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fine of Ne the diſtance of the node from oppoſition, 1: frei v : c4=wvsr the 
latitude of the fatellite at the time of oppoſition. Let AFBG be a ſection of 
the ſhadow of Jupiter where the ſatellite paſſes through, NA IB the _— 
the orbit of Jupiter, Nm? the orbit of the ſatellite, and draw Ic perpendicular 


to Nt; then Je ber; put R 14, d nc; then Racer; hence, ä 


CLE! 


= Þ 2 —. But R, r, and d may be taken 1 in time, that i is, d may repre- 


1 the half duration of the eclipſe; call that time 4'; and R may repreſent 
half the greateſt duration; call this R. And to find the dime the ſatellite is 
in paſſing through a ſpace equal to r, put f = an arc of 57*. 17. 45”, which is 
equal in length to radius; hence, 360%: 5%. 17. 45" 22 :: the time of a ſynodic 
revolution: the time r* of deſcribing a ſpace — to 75 hence, 52 


eee — It therefore the ſemiduration be given, and the place of the 


node, the inclination” of the orbit will be known ; and if the inclination be 
given, we have 4 = NV. R757 the half duration. This will be a little 


affected by the diſturbing bier of the ſatellites, and the excentricity of the 
M. BAILIx eſtimates what this diſturbing force is; but as it depends 
upon the quantity of matter in the ſatellites, which cannot be determined to 
a great degree of accuracy, any correction of that kind muſt be en to a 


| proportional degree of error. 


1 3 a a 1 ; . 
A I KY" +64 


Ex. On Kowenblr 19, 1762. at A Heclock, [the es of the obi of 


the fourth ſatellite was 2. 36“, and the diſtance of the node from Jupiter 
469. 43“; alſo, the greateſt duration was 24. 237, according to M. de la Lanpe. 


| Hence, 7 25. 237% $=",04536, v=,727973 therefore d' = 14. 6. 6” the half 


When Ic 1A, or vsr'= R',' the ſatellite will not enter the ſhadow, 
but juſt touch it; | hence, v > Now by the Table, page 268, it Appears 


that R may be repreſented by 29. 8. 2”; being repreſented by 57. 17 ar”. 
Hence, v=,8209 the fine of 55˙. 11, - within wich Giſtance muſt the node 


0 be from i in order that there may be an eclipſe. 


; duration, 


431. Draw I U orient to BN; 3 then in the right e triangle on. - 


if we know Ic and the angle vic (the complement of IN), we ſhall know cv 
the diftance from the middle of the eclipſe to the conjunction of the fatellite. 
The ſuppoſition that ut is a W line, produced; no error of ** conſe- 
quence. i 10 

432. Hitherto we have wah the Sion of the ſhadow of. Jupiter to bs 


F de but as e is a ſpheroid, and not a r and the plane of 
it's 


41 


1 


8. 
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it's equator very nearly . coincides. with it's, orbit, we ſhould conſider. the 
ſection of the ſhadow as an ellipſe and not a circle; the major axis of 
:avhich; is nearly coincident with the orbit. M. de la Laxpz therefore 


Fre. "propoſes; che following correction. Let. A KB O be the ſection, ſuppoſed to 
98. ben ccirele, ABA the elliptical. ſection of the ſhadow, and draw um parallel, 


and uc, mc perpendicular to Ix. Let nc be half the duration; then, upon 
- ſuppoſition: that the ſection was Circular, the ſame half duration would be 


ene by mez ſo that the diſtance Ie before computed : the, true TA 
Ie: 2 (Gf the gen of che'allipſe) F Es; nin, c == Ex Ion JE 75 


N PF; conequenty i, VR gate therefore u 2 | . 


Ki: r and. 4 being expreſſed by R., 1 and d i in time. M. de la ge puts 
Tr I 13 4 75 8 and therefore = 1 * BY": alan A To find the 


+3" 
inclination of the orbit of the fourth atellite-vpon- this ſuppoſition, M. Wan- 
-GENTEN ſuppoſed the limit of the diſtance of the node from conjunction 
to be ix 11 „ 100; and upon ſuppoſition of a circular ſection, he found 
the in to be 2˙. 36.3 hence, by diminiſhing the fine of the inclination 
in the ratio of 24: 13. he found the true inclination of the orbit to be 
25. 24. 51”, 

433. The orbit of che ſecond ſatellite is found" to UTR it's alta, the 
period of which change is 30 years. M. Maxarpt found the leaſt inclination 
at the beginning of the years 1672, 1702, 1732 and 1762 to be 2*. 4803 and at 
the beginning of the years 1687, 1717, 1747 and 1772 he found the greateſt 
intlination to. be 348“, The inclination of the orbit of the firſt ſatellite, 
upon which he made the motion of the node of the ſecond depend, is 3*. 185, 
calculated for a circular ſection, which is a mean between the greateſt and leaſt 
inclinations of the orbit of tlie ſecond. This determination of M. Max Apr, 
combined with the libration of the node, made his calculation of the eclipſes 
agree very well with obſervations for of 122 which he ealculated, only 12 
differed more than ĩ minute. According to the new Tables of M. Wan - 
GENTIN, the leaſt inclination is 2*, 46“ and the greateſt 3. upon ſuppo- 
Atioa that the ſection of the ſhadow is a circlee. 

2434. This variation of the inclination of the orbit of the Sinn faellite n 
"G8 the libration of it's nodes. M. MazaLpr, by an obleryation on Oct. 
18, 11h found" the place of the node to be 10˙. 21%. 21', 45%; and by an 
obſervation on September 11, 1751, he found that place of the node to be 
20,/&.' 5 , the difference of which is 207. 2 36“ for the whole libration 
n node, luppoſing that theſe were the extreme poinis; hence, it's half, . 
VV 48“ 


* 
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3. 48” ſhows the libration from the mean Place, which therefore is 10˙%. 11*. 8%. 
M. WARGENTIN, makes it 10*. 12% 15', M. de la Lanvs: firſt pointed 
out this libration of- the nodes, and the conſequent change of the inclinations 
of the orbits. In conſequence of this, M. Ba1LLy propoſed to explain this 
motion of the nodes and variation of the inclination, in the following m anner, 
fimilar to that by which M. de la Lanvz explained the changes of the incli- 
nations of the orbits of the planets. 

435. Let AC be the orbit of Jupiter, CB the orbit of the ſatellite which 
is diſturbed by the motion of another ſatellite moving in the orbit BA, ſo 
that we may ſuppoſe the orbit BC firſt to have been in the ſituation AB”; the 
angle B is the mutual inclination of the two orbits, which is fuppoſed to be 
conſtant; let AB be the movement of the node of the orbit CB which is 
diſturbed, upon the other orbit AB, in any given time ; then AC is the motion 
of the node upon the orbit of Jupiter. By Trigonometry, tan. AC = 
| tan. B x fin. AB | 
cos. AB x cos. A x tan. B + fin. 7 and cos. C= cos. B x 
cos. A— fin. A x tan. B x cos. AB. Now to determine when AC becomes a 


maximum, put y=tan. AC, * = — fin. AB, 4 Stan. B, 5 cos. A, m=ſin. BAC, 


then y = — 2: & maximum, whoſe fluxion being put = © and 


= + m 


reduced ove + =) Ali FS e — . the find of AB, when 40 18 


a maximum, where AB 1s Freak an go”, "for from the tan. of AC, it. appears 
that AC increaſes till 4B is greater than 90%. The motion of the node of the 
ſecond ſatellite upon the orbit of the firſt is found by obſervation to be about 


12 in a year, and therefore it completes it's reyolution in 30 years; hence 
at the end of 30 years, the node of BC upon the orbit of Jupiter will return to 


the ſame fituation, and to the. ſame. inclination. Hence the node C has a 
movement of libration about 4; if þ be the utmoſt limit of the node of BC 
from A on one ſide, and a on the other, the. node will librate between a and 6. 

436. The two inclinations 4 and C are not equal at the limits a and 5; for 
as cos. C = cos. B x cos. A — lin.” A x tan. B x cos. | 4B, therefore when the 


inclinations become equal, cos. C cos. B x cos. (= tin. C x tan. B x cos. AB, 


eos. C x cos. 5 — 4 


— N D 
greater than 90˙. Alſo fin. AB = * 6b F 2 — a ; let us aſſume this 
N o 40 . 1 

= N 1- — wivch is the ine 55 AB ͤ when 0 is a maximum, an 


11 (lup- 


— which being negative, ſhows that AB is 
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| (fuppoſing A = C) we deduce 1 2 cos. BY, which is abfurd, conſe- 


quently the inclinations : are not equal when. I A is a maximum. Allo, as 


cos. 
22 18 greater thas nd both greater 
1 B*: X dan. * tan. 77 


than go, the two inclinations become equal 2 the node comes to it's limits. 
437. From an eclipſe of the third ſatellite on January 25, 1763, the half 
duration of which was 43“ M. MARALDi found the inclination 3*. 25. 41”, 
ſuppoſing the ſemidiameter of the ſhadow fo be 11. 47. 10”, and to be circular. 
In 1745, it was found to be greater by 77; but from 176 3 it has appeared to 


decreaſe, for in 1769 it was found to be 3*. 23. 33”. M. de la Grance 


Judged the period of it's augmentation, to be 195 years; M. BaiLLy made 

it 200 years. M. WARGENTIN made the leaſt inclination to be in 1697, and 
the greateſt in 1782. M. MARALDI made the period 1 32 years, finding the 
greateſt inclination in the years 1633, 1765 to be 35. 25. 57”; and the leaſt 


inclination 37ỹ 2 in the year 1697. Upon this he computed the inclination 
for every intermediate time, with the libration of the node ariſing from the 


attraction of the firſt ſatellite. But ſome of his computations make the dura- 
tion of the eclipſe err &, which renders his period very uncertain. M. de la 
LAxpz has found the inclinatiom of the third ſatellite by Art. 435. The 
annual motion of the node B of the third upon the orbit AB on the firſt was 
found to be 22, 43'- 38˙ 2, and therefore it was 27% 16, 22” between the 
obſervations made in 1763 and 177 3, à period of 10 years; let AB = 


279. 16'. 22”, the angle A = 37. 14, and the angle B = 12; hence the angle 
C = ze. 24. 44", the inclination of the orbit of the third ſatellite in 1773. 


Alſo AC = 1*. 32“. 24”, the libration in that interval. 

438. The inclination of the orbit of the fourth ſatellite is 2*. 360 according to 
M. MaxaLD:, with very little, if any, variation. Dr. BxaDLEy made it 29. 42”. 
M. Waxcenriy, in 1781, found an increaſe of 1' or 2/ in the five laſt years, 
and he eſtimated it at 2*. 38'. M. de la LAxpE makes it 2%. 36' in a circular, 
and 2%. 24. 51” in an elliptical ſhadow. The motion of the nodes of this ſatel- 
lite, which is 4. 19“ in a year according to M. WAROENTIx, ought to pro- 
duce a change in the inclination, and M. BAiLLY thought that in 1720 the 
inclination was a little diminiſhed, the nodes of the firſt and fourth ſatellites 
then coinciding, M. MARATLDI could not reconcile the ſemiduration of the 
eclipſes with any variation of inclination, or motion of the node; yet in ſup- 
poſing the inclination to be conſtantly 25. 36, and the ſemidiameter of the 
ſhadow to be 25. 8. 2“, and the place of the node in 1745 to be 4*. 16. 11, 
with an annual 3 motion of 5. 33”, bis computations have agreed 
= well with obſervation. 


439. M. de la Pract 
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439. M. de la PLACE has endeavoured to ſhow that the nodes of the fourth 
ſatellite have a retrograde motion in a plane which paſſes between Jupiter's 
equator and orbit, inclined to the former at about half a degree. The plane of 
of the orbit of the fourth preſerves a conſtant inclination of 14' or 15',, and a 
retrograde motion of the node of about 35 in a year upon this plane. This 
theory will ſatisfy all the obſervations, and explain why the inclination is con- 
ſtant, and the motion of the nodes direct. This reſults from the action of the 
ſun and of the other ſatellites, and from the flatneſs of Jupiter. 

440. The inclination of the fourth ſatellite being conſiderable, it may be 
found by finding the minpr axis of the ellipſe which it appears to deſcribe 
when Jupiter is go® from the node, which is done by obſerving it's apparent 
diſtance from Jupiter in it's conjunctions, which is the ſemi-minor axis, 
and the ſemi- major axis being the greateſt elongation, the latter is to the 
former as radius to the ſine of the inclination. 


/ 
On the Nodes of the Orbits of Jupiter's Satellites. 


441. The place of the node may be determined at the time of the greateſt 
duration of an eclipſe, for at that time the plane of the orbit of 'the ſatellite 
muſt paſs through the ſun; and therefore the place of Jupiter at that time gives 
the place of the node. Or the place of the node may be found by obſerving 
two eclipſes of the ſame duration on each fide of the node, in which caſe the 
place of the node will biſe& the two ſituations of Jupiter. This method ſup- 
poſes that Jupiter has moved untformly in the intermediate time, and that the 
nodes of the ſatellite remained fixed. On March 12, 1687, FLAMSTEAD 
obſerved the duration of an eclipſe. of the third ſatellite to be 24. 33“, Jupiter's 
heliocentric longitude at that time being 8“. 11*. 58'. On December 6, 1702, 
the duration was exactly the ſame, and the heliocentric longitude of Jupiter 
was of. 15*. 21'; half the difference of theſe longitudes added to the firſt 
gives 10*. 13. 29' for the place of the node nearly. Or the place of the node 
may be found when the ſatellite paſſes in a right line over the diſc of 
Jupiter, which may be obſerved by it's ſhadow upon Jupiter. This we may 
determine from the belts, as the motion of the ſatellites is very nearly in their 
direction. 

442. In the ycar 1693, M. CAssixI, in his Anon; places the nodes of 
all the ſatellites in 10*. 14%. 30. Dr. BxaDLEY thought the place of the nodes 
of them all in 1718 to be 10%. 11%,5. From obſervations ſince, it appears that 
the nodes do not all coincide. The node of the iir ſatellite is found to be 
in 10˙. 14. 30%, and. obſervations ſhow that it has no ſenſible motion. 

11 2 443. Ac- 
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443. According to M. WarGEnTiN in his firſt Tables, the place of the 
node of the ſecond was 10˙. 1 15. 48', fixed; but in his new Tables, he gives it 
a progreſſive motion upon the orbit of Jupiter of 1*. 42“, in reſpect to the 


pon of Jupiter, in 100 years. M. Baur gives the node a libration of 


9%. 21. M. MaR ALDI makes it 8*. 42. M. de la G RANGE makes it 
11%. 277. The mean place of the aſcending node is 10*. 13*. 52“ according to 
M. MARALDI. The nodes of the third and fourth ſatellite have a like libra- 
tion about the nodes of the firſt, whilſt the nodes of the firſt have a * 
motion about a point as the mean place. 

444. The mean place of the node of the third ſatellite is conſtantly in 10*. 
14*. 24 according to M. WARGENTIN. M. MARALDI ſuppoſes it to have 
a motion of about 30 in a year; and as we have ſeen (437) that the inclination 
is ſubject to a change, it may be neceſſary that the nodes ſhould have a motion 
to account for it. 

445. From the theory of attraction, Dr. BRADLEY thought that the nodes 
of the fourth ſatellite ought to be retrograde ; the motion would be retrograde 
from the attraction of the ſun only, but the attraction of the other ſatellites may 
make it direct; and obſervations ſhow that it is direct. According to M. 
MARALDI, it's place, in 1745, was 4*. 169. 11“, with an annual motion of 
50. 33“. M. BAIL II finds it 5. 15”. M. WARGENTIx placed the node in 
1760 in 10. 169. 39', and gave the node an annual motion of 3“. 18” in reſpect 
to the aphelion of Jupiter, which gives 4. 15” in reſpect to the equinoxes. 

446. M. BaiLLy, from his Theory, deduces the following concluſions re- 
ſpecting the motion of the nodes.—1. The node of the firſt has a libratory 
motion about it's mean place of 187, of which the period is 30 or 32 n — 
2. The node of the ſecond librates about the ſame point, about 9e. 3, with 
a period of 30 or 32 years.—3. The node of the third has a libratory motion 
about the ſame point, of about 35. 63“, of which the period is about 200 years. 
—4. The node of the fourth librates about the ſame point, about 12 or 13°, 
with a period of 4 or 500 years. — 5. This point, or the mean place of the node 
of the firſt ſatellite, about which the nodes of the other ſatellites librate, has a 
retrograde motion upon the orbit of Jupiter of 33'. 30“ in a year, from the 
diſturbing force of the fun. M. BaiLLy, from his Theory of the ſatellites, 
has computed a ſet of Tables of the motions of each. 

447. The aſcending nodes of the orbits of all the ſatellites we may conſider 
in 10*. 15, in all cafes where great accuracy is not required. When Jupiter 
therefore is in 10*, 15* and 4. 15*, the planes of the orbits paſs through the 
fun, and to a ſpectator, there ſituated, the fatellites would appear to deſcribe 
ſtraight lines, as AB, in the direction of the belts; in any other ſituation of 


Jupiter, they would appear to deſcribe an ellipſe Am gn. When Jupiter comes 


to 
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to 1*. 15 and y*. 15% the minor axis becomes the greateſt, and in that ſitua- 
tion, the major axis: minor :: rad. : fine of the inclination of the orbit of 


the planet; in any other ſituation of Jupiter, the minor axis is as the ſine of 


the diſtance of Jupiter from the node. As Jupiter paſſes from 10*. 1 5% to 
4. 15* the furtheſt ſemicircle of the orbit of the ſatellite appears moſt to the 
north, or, as we may expreſs it, higheſt, and therefore it will be repreſented 
by 4mB ; but as the planet paſſes from 4*. 15* to 10%. 15* the nearęſt ſemi- 
circle will appear higheſt, and therefore it will be repreſented by 4mB. Hence 
we may judge of the ſituation of the ſatellites in reſpe& to the poſition of the 
belts, or to the line AB; a circumſtance which we take into conſideration in 
the configuration of the fatellites ; we will explain this by the example there 
given. The longitude of Jupiter is 9*. 23*. 5, conſequently AmB repreſents 
the neareft ſemicircle ; hence n is the inferior conjunction and à the ſuperior, 
and therefore # has the ſame longitude ſeen from Jupiter, as Jupiter has from 


the ſun; that is, the longitude of the point # of the orbit of the ſatellite is 


9*. 236, omitting the minutes; hence the longitude of A is 6*. 23*, of B of. 23˙, 
and of m 3˙. 23% Deſcribe the circle Am'Bn'; now the longitude of che firſt 
ſatellite is 2*. 21; hence ſet off Ba = 2%. 21*— O. 23*= 1*. 28 and draw ars 
perpendicular to AB, and s will be the place of the fatellite, and ar the apparent 
elevation above the line of the belts; in like manner the fituations of the others 
may be found. If four figures of a conſiderable ſize, and of the proper pro- 


portions, be thus deſcribed about J, and in each, AB : mn :: rad. : fin. of 


the inclination of the orbit x ſine of the diſtance of Jupiter from the nodes, 
and the ellipſe be accurately drawn, and the orbits divided into every 5*, the 
ſituations of the ſatellites will, from inſpection, appear ſufficiently accurate. 
The ſpectator has here been ſuppoſed to be at the ſun; if he be at the earth, 
the appearance will be very nearly the ſame; however, when Jupiter comes 
near to the nodes, it may be conſidered at what time the planes of the orbits 


paſs through the earth inſtead of the ſun. 
On the Magnitudes of Jupiter's Satellites. 
448. The fatellites appear ſo ſmall in the field of view of a teleſcope, that 


they cannot be meaſured by a micrometer ; their magnitudes have therefore 
been determined from obſerving the times they are entering into the ſhadow 


of Jupiter, in a central eclipſe ; but this muſt always give their diameters too 


ſmall, as we cannot tell the inſtant the ſatellite touches the ſhadow ; a certain 
quantity of light muſt be loſt before the eclipſe appears to hegin, and it muſt 
become inviſible before it be wholly immerſed in the ſhadow. Their magnitudes 


have 
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have alſo been found from meaſuring the diameters of their ſhadows upon the 


diſc of Jupiter; or by obſerving how long they are entering upon the diſc of 


Jupiter when they: paſs centrally over it. By the obſervations of Mr. LyNxN 
(Phil, Tranſ.) Mr. Wnis rox found that the firſt entered into the ſhadow 
in 1'. 10”, the ſecond in 2. 20”, the third in 3“. 40“ and the fourth in 5. 30”, 
when they entered perpendicularly ; hence their apparent diameters ſeen from 
the center of Jupiter become known. From this he dednced the magnitude 
of the third to be very nearly as big as the earth ; the firſt nearly as big ; the 
ſecond a little leſs than the firſt; the fourth the leaſt of all, and a little greater 
than the moon. M. WARGENTIN compared the ſhadows of the ſatellites 
upon the diſc of Jupiter, from which he found the third and fourth to be five 
or ſix times greater than the firſt, and the ſecond to be half as large as the firſt. 
M. MarxaLD1 having examined and calculated three obſervations of M. 
Cassini made in 1695, found that the firſt ſatellite entered upon the diſc of 
Jupiter in 77 the ſecond in 9. 40“, the third in 12“. 6”; and their continuance 
upon the diſc was 24. 27', 34. 4. 20“ and 34. 43'. 38” reſpectively; in re- 
ſpect to the fourth, he concluded from the Tables that it ought to be 15 in 
entering upon the diſc, and 54. in it's continuance upon it ; hence he deduced 


the diameter of the third to be = of that of Jupiter, and of the three others 


= The difference of theſe concluſions ſhows that no great dependance can 


be placed upon them. The diſappeargnce of a ſatellite will be later the better 


the teleſcope is, and it will appear ſooner. M. de Foveyy obſerved, that 
the diſappearance and re- appearance of the ſatellites depended on the diſtance 
of Jupiter from the ſyn and earth. M. de BArRos obſerved, that different 
ſtates of the atmoſphere, different altitudes, and their diſtance from Jupiter, 
would influence the times of their appearance and diſappearance. All theſe 
circumſtances, fo far as they cannot be conſidered, muſt tend to render the 
meaſures of their diameters very uncertain. ' Mr. WarrsToNn obſerves, that 
the compariſon of the obſervations ſhows that the quantities are fometimes 
conſiderably larger than at others. Longitude diſcovered by Jupiters Planets. 


page 5. | 


The 


on TRE MAGNITUDES OP JUPITER'S SATELLITES. 


The following Table contains the diameters of the three firſt ſatellites as 
ſeen from Jupiter, according to CAss ix, Warsrox and BAiLLY; the fourth 


as determined by M. de la Lanvs. 
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449. If their diameters could be aſcertained to any great degree of cer- 
tainty, their quantities of matter would ſtill be very uncertain, becauſe their 
denſities are not known. Aſtronomers have endeavoured therefore to find out 
their quantities of matter, from obſerving the quantities of the effects produced 
by their actions upon each other. From ſuppoſing the maſſes of the firſt and 
third equal, M. de la GRAN E found, from the inequalities which they pro- 
| duce in the ſecond, that their maſſes were 0,00006869, that of Jupiter being 

=I; M. BaiLLy found it 0,0000638 from the ſame ſuppoſition. 

The maſs of the ſecond, from the inequalities which it produces in the firſt, 


of which it is principally the cauſe, is found by M. BAiLLY to be 0,0000211; 


it is 0,00002417 according to M. de la GrAanGcs. 
The maſs of the third, from it's effect upon the movement of the node of the 


Grand in conjunction with the firſt, is, according to M. BAI LI, 0,00007624; 
but from it's effect upon the inequalities of the motion of the ſecond, ſuppoſing 


it equal to the firſt, it is 0,00006 38; it is  0,0000687 according to M. de la 


GRANGE, 
The maſs of the fourth, from the ſmall effect which it has upon the third, is 


not eaſily to be determined; M. Ba1iLLy made it 0,00005. 

Theſe maſſes, M. BAIL Lv obſerves, repreſent very well the motions of the 
fatellites, of their nodes, and the variation of their inclinations ; we may there- 
fore conclude, that they are pretty accurately eſtabliſhed ; and at the fame 
time it proves that the variation of gravity,” according to the inverſe {quare of 
the diſtance, will explain all the phznomena of the fatellites. In reſpect to 
the motion of the apſides, that depends upon the figure of Jupiter, it's denſity, 


and how the denſity may vary from the center to the ſurface, but as this is 
unknown, 
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ON THE CONSTRUCTION 'OF THE EPOCHS OF THE 


unknown, the theory cannot be here applied. M. BAILLY has, however, 


pointed out the method by which we may, from the obſerved motion ot the 


apſides, deduce the law of the variation of the denſity. 


On the Conſtruction of the Epocks of the Mean Conjunctious of Jupiter's Satellites. 


450. The epoch of the mean conjunction is the moment when the ſatellite 
arrives the firſt time every year at the mean place of Jupiter, reckoned upon the 
orbit of the ſatellite, diminiſhed by the ſum of the maxima of all the equations 
(the equations being expreſſed in time), in order to render the equations all 
additive; the maxima of the equations being added to the equations them- 
ſelves, in order to make up for that ſubtraction. For example, the firſt 
equation of light, at it's maximum, is 8“. 7, 5, the time therefore is, in the 
epoch, diminiſhed by this quantity. Now let us ſuppoſe that at the time we 
are making any COMPUtATION, this equation of icht is 4, then the equation, 
as we ſhall find it, is 8“. 7 e 7",5 or 4. 7“, 5, both additive, and this 
is manifeſtly the ſame as if 8“. % 5 had not been ſubtracted at firſt, and the 
equation == 4 applied, what was at firſt ſubtracted being now added; and as 
we add the maximum, the quantity by which it 1s diminiſhed can never render 
it negative. It is the ſame with all the other equations, except that depending 
on the excentricity of Jupiter's orbit, which being variable, does not admit of 
this method. All the epochs are thus put down; and the computations are 
rendered more eaſy and fimple by making the equations additive. 

451. To find the epoch for any year, we will take and explain that Example 
which is given by M. de la-Lanps in the laſt edition of his Aſtronomy, 
Vol. III. pag. 185. On January 2, 1764, the firſt ſatellite was eclipſed, the 
emerſion of which was at 104. 2. 44” mean time, at Paris. Now to make 
the equation of time always additive, we mult ſubtract 14. 42” which is the 
greateſt equation ſubtractive, and we have 10h. 13“. 2” for the time of the 
emerſion, according to the conſtruction of M. WarcenTiN's Tables. 

The diſtance from the node was 60*. 17 the ſemidiameter of the ſhadow 
14. 7. 55”, and the inclination of the orbit 3. 18's ; hence (430) the ſemi- 
duration of the eclipſe was 14. 4. 51”; therefore the time of the middle of the 
eclipſe was gh. 8“. 11”. From this we muſt deduce the time of the mean 


conjunction, by applying all the equations for that time. 


The mean anomaly of Jupiter was about 7*. 8*,5, and the equation of it's 
orbit was 4*. 51'. 3o” additive, which converted into time (419) according to 
the motion of the ſatellite, gives the equation 34. 39“ to be ſubtracted from 
the middle of the eclipſe, and hence their remains 8h. 33“. 32”. 

6 


From 


ME AN CONJUNCTIONS OP JUPITER'S SATELLITES, 


"A Art. 420, the maximum of the irt part of the equation of light i is 
8“. % 5 but at the time of the eclipſe the nion was found to be /. oz 
additive; hence we have to 2 only 1. 7", which 0 the time 
8. .32: 28 

The maximum (420) of the ſecond part of the equation of light is 2. 25; 
* che equation was 59“ 5 additive at the time; therefore we muſt ſubtract 

. 3“, which gives 84. 31“. 22“. | 

The maximum (421) of the equation, marked in the Tables C, is 3“. 30”; 
but that equation at the time of the eclipſe was o.. 27“ additive; hence we 
have to ſubtract 3“. 3“, which gives 84. 28“. 19”. 

The ſmall equations which come from the inequalities of Juinx amounted 
at the ſame time to 15“ ſubtractive; and the maximum Re 1 ͤ we muſt 
ſubtract 1“. 15“, which gives 81. 27. 4”, 23 

Laſtly, we muſt ſubtract 17” for the reduction (426), and we have 83. 
26“. 47” on January 2; but it being biſſextile, we muſt ſubtract one day, 
which gives January 1, 1764, 8k. 260. 47” for the epoch of the mean con- 
junction for that year, by M. WAROGENTIx's conſtruction of the Tables. 

452. Having ſhown how the epochs for any year are eſtabliſhed, we have 
only to ſhow how they are carried on for any number of years. According 
to M. WARGENTIN, the ſynodic revolution of the firſt ſatellite is 1d. 18. 
280. 35947909; of the ſecond, 3d. 134. 17. 53,4893; of the third, 7d. 
34. 59“. 3586754; and of the fourth, 16d. 184. 5. 7, 9174. Let us take 
for our example the firſt ſatellite. If we multiply 1d. 184. 280. 35, 947909 
by 207 ir gives 366d, 8k. 400. 1, 21716, which is a common year of 365 days, 
and 1d. 8h. 40“. 1, 21716 over. Therefore at the beginning of the next year 
the ſatellite will be forwarder than it was at the begining of the preceding, 
by 1d. 8k. 40'. 121716. If we add again 1d. 8h. 40'. 1",21716, it gives 
2d. 17h. 20“. 2, 43432, which being more than a revolution, by ſubtracting 
a revolution from it, we get od. 22k. 51“. 2648641, which is the quantity by 
which the ſatellite will be forwarder at the beginning of the ſecond year. If 
to this we again add the ſame quantity, it gives 2d. 74. 31“. 2, 70357, which 
being more than a revolution, by ſubtracting a revolution from it, we get 
od. 134. 2. 5175 566, the quantity by which the ſatellite will be forwarder 
at the beginning of the third year. But as the fourth year is ſuppoſed to be 
biſſextile, the epoch will take place on the firſt of January, therefore this year 
conſiſts of 366 days, and conſequently contains 207 revolutions and od. 8. 
| 40. 1”,21716; this therefore added to od. 134. 2. 51,7566 gives od. 21k. 

420. 3 the quantity by which the ſatellite is forwarder at the beginning 
of the fourth year, But as this year begins on the firſt of January inſtead of 
December 31, in the mean motions for days, in January and February, 
K k | we 
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"ON THE CONFIGURATION. OF JUPITER'S SATELLITES. 


we mult. take the day of the month one leſs than it is, as will be further ex- 


plained in the conſtruction of the Tables. Hence it appears, that if we begin 
at the epoch of any r., and add to it rd. 84. 400. 1,2171 6, od. 22h. 

51. 26”,48641, od. 13h. 2“. 51",75566, and od. 21h. 42". 52",97282, the 
ſams, rejecting a whole revolution when neceſſary, will be the epochs for the 
firſt, ſecond, third and fourth years after. Thus we may continue the epochs 
as far as we pleaſe. In like manner we proceed with the arguments A, B, C. 
oy of the p Fees Ra big a eng when the for n it. 


09' find the Configuration ah Satellites at . Time. 


453. 1. Find by Tables I, II, III, IV, V, the mean place of each ſatellite 
for the given time, which will be ö near to the true place, except for 
the fourth ſatellite, for which we muſt apply the equation of the center; for 
that purpoſe we muſt, with it's mean motion, take out the place of it's apſide, 
which ſubtracted from the mean longitude gives it's mean anomaly, to which 
find the equation in Table IX, nd eee mean ere and it 
gives the true longitude. n vun 1 o bein 

2. From the place of each ſatellite thus fond; fubtra& the — Jon- 

gitude of Jupiter,* and in Table VI with that difference, find the correſponding 
numbers, which repreſent the apparent diſtance of each from the center. of 
Jupiter in terms of it's ſemidiameter. When the argument of this Table is 
Jeſs than fix figns, the fatellite will be to the ca/t of r when greater, to 
the 2091. This is Dr. HALLxxr's method. 
As the principal deſign of finding the configurations of the ſatellites i is to 
diſtinguiſh one from another, the equation of light is commonly of but little 
importance, and may be neglected. Or if that accuracy be deſired, compute 
the configuration to any hour mean time, and then add the equation of light 
to it, and you have the configuration as they appear at that time. The ope- 
ration is rendered ſhorter by calculating to an hour; and it will be ſufficient if 
the places be calculated to minutes of a degree. 

454. To find the equation of light, from the ſun's longitude ſubtract the 


heliocentric longitude of Jupiter, and with the remainder enter Table VII, and 
take out the firſt part of the equation; and with the anomaly of Jupiter enter 


Table VIII, and take out the ſecond part. The anomaly is found by ſub- 
tracting the place of the aphelion from the longitude. 


„The method of finding this will be ſhown in the Introduction to the Tables in the ſecond 


SE 
Ex. 


ON THE CONFIGURATION OF JUPITER's SATELLITES; 


Ex. To calculate. the configuration of the fatellites on April 6, 179 5, at 
four o'clock in the morning, mean time, by the civil account ; or on the 
5d. 164, aſtronomical time. 


L II, „„ gs” otnd; 1g 


gw 15. 25% 8“ o. 15% & 2˙ 25% 11 80. 26*. 53'- 17. 10%. 49 
March. 10, 14. 1 4. 3, 44 6. 8. 38. 4, . 4 7: 0; 7's 
5 days 9. 27. 27. 4. 26. 52 8. II. 35 3. 17. 51 o. o. I 
16 hours 4. 5. 40 2. 7. 35 r. 3. 33 o. 14. 22 ͤ—.ſ—ᷣʃ2 
— 1 ——n — — 1. 11. 1 
3. 2, 16 11. 23. 19 7. 8. 54 5. 20. 31 6. 20. 22 
1 Geo. 10. % %% 1d. . % 19-.$-..56 39 —— 
— —ü—ä—ũä — 98 
4 10, 61. 1% %/ % . $-. 19: 43-- < - 
— — e ee 1.6 3. 50 | 
7. 16. 18 
Eaqſ 3,9 Eq 1,14 Vet 14,95 Weſt 18, 98 
Hence, and by Article 447, this Configuration. 
ge, iy $0 OE TY 2 2 1. el 
A | — * E — -O e wee a ESSE — 3 


The line AB ſhows the direction of the belts, - 


Sun's longitude | Wake of 24. 
Jupiter's hel. long. 9. 23: . 3 


_—— 


Difference 3 21 % _ Equation of light 8". 59” 


Jupiter's aphelion . 6. 11. 4 


—— — 


i Jupiter's anomaly . . 3. 11. 59 . Equation of right r. 37 


Total equation. of light 10. 36 


ws cdu therefore which is callulated; op wür! 0 Nc * time, 


is ſuch as will appear at xo”. 36“ after four; but it will not ſenſibly differ from 
the appearance at four. To have computed the configurations as they appear 
at four o'clock, we muſt have computed for $4. 49 24” mean time. 
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ON THE CONFIGURATION OF JLPITER'S SATELLITES. 


455. The configuration at the ſame hour, for a month, may be very readily 
determined, without repeating the whole operation, in this manner. The 


difference from day to day ariſes from the addition of the daily mean motions, 


and from the variation of the geocentric place of Jupiter, the mean daily 
variation of which for a month will be ſufficiently accurate for our purpoſe. 

As the geocentric place of Jupiter ! is fubtracted from the mean place of the 
ſatellite, if the geocentric motion be direct, ſubrract it's mean daily variation 
from the Yhean daily motion of the ſatellite; but if the geocentric motion be 
retrograde, you muſt add, and you will have the whole daily motion to be 
applied to the calculation for any one day in order to get the ſituation of the 
ſatellites for the next day; and thus you may continue the proceſs for a month, 

at the end of which, it may be proper to reſume the calculation, and then 
proceed for that month in like manner. 

To take our example. I find Jupiter's geocentric motion is Arecd, at the 
mean rate of about 2 in a day for the month; ſubtract therefore 2 from the 
daily motions of the ſatellites, and we have 6˙. 235. 2, 3*. 11. 20), 1*. 20%. 17 
and o. 215. 32 for the relative daily motions s of the dene & Sand. third and 


fourth ſatellites in reſpect to Jupiter; hence > 
RET Cop ey Hes - Tv. 


CPP 
6. 23. 27 3, 11. 20 1. 20. 17 O. 21. 32 
— —  EONTST — 2 ——— — 1 — — ER — ED EIRAEN 2 


5 —ṽ * — 


7d. 11. 1. 33 4. 20. 49 IO. 24. 21 8. 7. 4 


2 
— 0 


6. 4% 3. 11. 20% 1. 20. 1 C. 21. 32 
Sd. 6. 5. 20 „ o, e . 9. 6 
6. 29. 27 8. 11. 20 1, 40. 7 4 21. 32 
. 0. 28. 47 13. 13. 29 3 4. 55 9. 20. 38 


Hence * Table VI, we get the „ following ee, ; 
74. Weſt 1,84  Eaft 5, 99 Wet 8,75 Meſt 24,38 
bd... Wet t Wet bat Ef 3% Welt 26,38 
Ea 282 Ne 2,67 Eaft 13,58 Weſt 24,71 


As there is the ſame motion of the ſatellites to be added every time, it wilt 


be beſt to put them down, upon a ſtrip of paper, and by laying it under, the 
addition may be made from it without the trouble of writing the motions 


down every time. In this manner we may lay down the configurations with. 
great expedition, and with mare accuracy than by the mechanical contrivances 


The 


of FLAMSTEAD and CassIxI, 


THE POSITION OF JUP1TER” S SATELLITES AT THE RCLIPSKS. | 


The mean time at which theſe configurations are ſhown, may be reduced” to 


apparent time, by applying the equation of time; thus the configuration on 
the ſixth day at 100. 36” after four o'clock mean time, is 8'. 11“ after four appa- 


rent time; to have calculated therefore for four apparent time, we muſt have 
calculated for 34. 51“. 49". 


456. The principle upon which the ſixth Table is conſtructed is this. 
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Let E be the earth, I Jupiter, @ the place of a ſatellite in it's orbit; join EI, Fre. 


and produce it to the heavens at , and produce Ja to u, and draw ac perpen- 


dicular to 1h, Now m 1s the geocentric place of Jupiter in the heavens, and 
u the true place of the ſatellite; if therefore from n the longitude of the 
ſatellite we ſubtract < m the geocentric longitude of Jupiter, we get mn, or the 


angle Ja, whole fine ac repreſents the apparent diſtance of the ſatellite from 


Jupiter; if therefore ac be expreſſed in terms of the ſemidiameter of Jupiter, 
we {hall get the apparent diſtance in ſemidiameters, and in this manner the 


Tables are conſtructed. 
When a ſatellite is approaching Jupiter, the figure is put . | Jupiter and. 


the point; when it is receding, tlie figure is put on the other ſide. 


A TABLE 


Of rhe apparent Diſtances of Jupiter's Satellites from is limb at the time of an 


Eclipſe, for every tenth Day of Fupiter's Diſtance from Oppoſition or Conjunction; by 


the Rev. Dr. MasxkLTxz, Aſtronomer Royal; from the Britiſh Mariner's Guide. 


>a. ＋ - * 8 [ 1 Fi ; 
D mee, Diſtance of the Satellites from ſeared Diſtance of the Satellites from | 
'N up1 Jupiter”: s limb at the Eclipſes, CE RE Jupiter”: s limb at the Eclipſes, 
| TO | in ſemidiameters of Jupiter in ſemidiameters of Jupiter | 


| oppofation Junction 
he. and decimal parts. | vith ©. and decimal parts. 
| Days. I. 1 . II., IV. Days. | 1. „ III. IV. 


— * * 5 


10 o ,20 0,33 [o, 50 [o, 88 10 [o,15 0 0, 5 5 

0,40 | 0,66 | 1,05 | 1,66} 20 fo, 30 [o, 45 o, 701, 25 
30 | 0,60 | 0,95 | 1,50 2,65 30 o, 40 0,67 | 1,05 | 1,70 
40 [075 | 1,20 | 1,90] 3,35 | 49 [| 0,551 0,90 | 1,40 | 2,50 
50 | 0,90 | 1,40 | 2,25 | 395 50 | 0,70 | 1,00 | 1,80| 3,20 | 
60 | 1,00 | 1,60 | 2,50 | 4,40 60 | 0,80 | 1,25 | 2,00 | 3,50 | 
| 70 { 1,05 | 1,70 | 2,66] 4,70 70 | 0,90] 1,40 | 2,25| 3,95 | 
| 80 | 1,10 | 1,95 | 2,75 4,85 " 80 11,00 1,55 2,45 | 4,33 | 
go | 1,05 1,66 | 2,60 | 4,60 | 


100 | 1,10 | 1,70 | 2,70 4, 80 || 100 | 1,10 | 1,75 | 2,70 | 4:80 
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VARIOUS CIRCUMSTANCES RESPECTING TE 


The diftances of the fatellites from Jupiter's limb in this Table, are to 
be meaſured either in a line with Jupiter's equator, or longer axis, or in a line 
parallel thereto; or, which is the fame thing, to it's belts; for the ſatellites 
generally appear a little to the north or ſouth of this line. 

In this Table the apparent diſtances are thoſe of the regular eclipſes, that is, 
at the immerſions before oppoſition and emerſions after ; but at the emerſions 
which are viſible before oppoſition, and immerſions after, the diſtances from 
Jupiter's limb will be leſs than in the Table, by a quantity which is in the | 
ſame proportion to Jupiter's diameter, as the duration of the eclipſe is to the 


longeſt duration when in the nodes. 


V. arious Circum/! ances reſpecting the Phenomena of the Satellites. 


457. To find when an immerſion and emerſion are viſible, lets be the 
center of the ſhadow AB, r the center of the diſc of Jupiter CD, the radius 5 
being expreſſed in minutes of the orbit of the ſatellite, and rn expreſſed in the 
ſame meaſure. Let 75 be a portion of the orbit of the fatellite equal to the 
annual parallax, expreſſed in minutes, which may be taken from the Nantical 
Almanac ; and let AB and CD be repreſented as ſeen from the earth; let 
wen be the path of the fatellite, then the immerſion at ww being viſible, the 


emerſion at # will alſo be juſt viſible, or rather it is the limit. In the triangle 


r1s, we know all the ſides, to find the perpendicular am on rs, which, as the 
orbit w# is very nearly parallel to gr, is very nearly equal to c; but (434) 
Sc usr; or if we reprefent the radius 1 by unity, c =vs; make there- 
fore mn = vs, and we get v, the fine of the diſtance of Jupiter from the 
node. We bave here ſuppoſed the earth in the plane of the orbit of Jupiter ; 
but as the earth is not in that plane, it will make Jupiter appear a little higher 
or lower in the ſhadow, by the latitude of the earth ſeen from Jupiter; this 

when greateſt is about 15, and varies as the fine of the diftance of the earth 
from the node of Jupiter. If rs repreſent the orbit of Jupiter, in the firſt fix 
months of the year, the center of the ſhadow will lie at ? to the ſouth of 5. 
Hence knowing g and gt, we can find the angle 5r7, and rr; conſequently 
we know the three ſides of urt, to find the angle art; hence we know ars; 
therefore in the triangle urs, we know ru, rs and the angle urs; to find um. 


The latitude of the earth ſeen from Jupiter i 5 nearly equal to one ſeventh part 


of che equation of the earth's orbit {Mem. Arad. 1765), at leaſt when Jupiter 
is about quadratures. This is the method which is given by M. de la LanDE, 
to determine when an emerſion will be viſible before A AT and an immer- 


ſion, after oppoſition; 
458. M. de 


PHANOMENA OP JUPITER'S SATELLITES, 


458. M. de la PLAcx, in the Mem. de ¶ Acad. 1784, in his theory of the 


motions of the fatellites, has deduced ſome very extraordinary concluſions, 
which are confirmed by obſervatians. If Ps 9 and r repreſent the mean motions 
of the firſt, ſecond and third fatellites, he has ſhown, that p- 9 = 29— 2r, or 
P—39+2r=0; and if x, y and 2 repreſent their mean longitudes, he has 
proved that x—3y+2z = 180% The Tables therefore muſt always ſatisfy 
theſe conditions. The laſt equation ſhows that the three ſatellites can never 
be eclipſed at the fame time. But it may be obſerved, that the firſt equation 
is a conſequence of the ſecond ; for the correſponding mean longitudes will 
always be repreſented by x +p, y+q, 2+r, and hence z+p— 3 x 3+9+2 x 
Tr = 1805, from which ſubtract = 35 T 22 = 180?, and we get p- 39+ 
271 O. M. de la PLact makes the annual motion of the apſide of the third 
to be ze, and of the fourth to be 37%. M. BAiLLY makes the former 2, in 
his Tables, and the epoch for 1700, in 11*. 13%; the latter he makes 45. 18”. 
In the Tables which we have here added, the epochs of the apſide of the 
fourth are thoſe given by M. BaiLLy, in his Eſſai fur la Theorie des Satellites 
de Jupiter. 

459. The firſt ſatellite is moſt proper for finding the longitude, the Tables 
of that being the moſt correct; it is alſo the beſt on account of the greater 
velocity of the ſatellite, the inſtant of it's appearing or diſappearing being, on 
that account, more certain. It is better to compare an eclipſe obſerved under one 
meridian with an eclipſe obſerved under another, rather than with one computed, 
becauſe of the imperfection of the Tables. The obſervers ſhould alſo be fur- 
niſhed with the ſame kind of teleſcopes, as the time when a ſatellite becomes 
viſible at an emerſion, or inviſible at an immerſion, depends upon the quantity 
of light which the teleſcope receives, and it's magnifying power ; it depends 
alſo upon the proximity of the ſatellite to Jupiter, and it's altitude above the 
horizon. M. BaiLLY has given us ſome Rules to correct the difference 
ariſing from theſe circumſtances; theſe we ſhall, in brief, here explain. 

460. As the ſatellite enters the ſhadow of Jupiter, it's light diminiſhes by 
degrees, until the ſatellite becomes inviſible; and it is of great importance to 
aſcertain how much of the ſatellite is immerſed in the ſhadow at the time it 
diſappears. M. Fovenx firſt obſerved that this would depend upon the 
diſtance of the earth from Jupiter. Let PR be the ſhadow of Jupiter, LM 
the orbit of the ſatellite, and let v be the center of the ſatellite mr? at the 
time it becomes inviſible, then ur is the part not yet immerſed, and which is 


called the ivifible ſegment ; let O& be perpendicular to LM, and join Oc, 
and draw Ovsn. Now if we know gu, ſubtract it from vn, and we get vs; 


hence we know Os — vs, or Ov; and knowing O, we know Qv, which re- 


duce into time; and as ON and Oc are known, we can find , and therefore 
| we 
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VARIOUS CIRCUMSTANCES RESPECTING THE 


we know the time of deſcribing c; hence having found the time of deſcribing 
Q and 9v, we know the time of deſcribing cv, which ſubtracted from the 
time at which the center was at v gives the time when it was at c, or the time 


of the immerſion of the center, called the true time, which ought to be the 


ſame to all obſervers. This quantity vc is M. Foucnr's equation, and when 
applied to the obſerved time ſhould give the fame time for all obſervations. 
We. have here ſuppoſed gu to be known; the idea how to find this was firft 
ſuggeſted by M. Fouchx, and afterwards ha upon by M. BaiLLy; 


his method we ſhall here explain. 


461. M. BaiLLy, by diaphragms with a circular hole in the middle, A 
niſhed gradually the field of view of his teleſcope until the ſatellite diſappeared; 
hence the aperture in the diaphragm at the time the ſatellite becomes inviſible, 
is to the whole aperture, as the quantity of light received from the ſatellite at 
the time it diſappears, to the quantity of light in the whole aperture; let the 
whole aperture = 1, the aperture of the diaphragm = = a; then the light of the 
fatellite when not eclipſed being repreſented by unity, the light when 1t diſappears 
at an immerſion will be = a; conſequently a : 1 :: ſegment ur: whole ſur- 
face murt; hence we know the ſegment mar, and conſequently it's verſed fine 
25, for on account of the ſmallneſs of the arc msr, we may conſider it as a 
ſtraight line. In a teleſcope whoſe aperture was 24 lines, M. BarLLy found 


the fourth. ſatellite, when at it's greateſt elongation, to vaniſh at an aperture 


of 5.5 lines; hence a = $87 — = 0,0 52 5, Which 1s equal to the ſegment mnr, 


the circle murt being ny henee the verſed fine us = 0,4303- For the 
third ſatellite, he found a = 0,0156; and for the firſt and ſecond a = 0,0646. 
Theſe determinations were made, when the diſtance of Jupiter from the ſun 
was 5,2207, and the diſtance of the earth from Jupiter 4,8456, the earth's 
diſtance from the ſun being unity ; alſo the altitude of Jupiter above the 
horizon was 1 5⁵, and the fatellites were at their greateſt elongations. To reduce 


the inviſible ſegments to any other ſituations of the earth and Jupiter, and any 


other altitude, he takes the light received at Jupiter to vary inverſely as the 
ſquare of it's diſtance from the ſun, and the light received at the earth from 
the ſatellites to vary inverſely as the ſquare of the diſtance of the earth from 
Jupiter; and for the variation of the quantity of light at different altitudes, 
he takes that which is given by M. BoucGver in his Optics. To find the 
allowance to be made for the different diſtances of the fatellites from Jupiter, 
he proceeds thus. 


On 
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On July ry and 23, 1971, the following obſervations were made, and the 
inviſible ſegments determined as above explained, by taking into conſideration 


the diſtances of Jupiter from the fun and the earth, and the er of 
Jupiter. 


Diſt. of Sat. a > 

n. . in ſemid. K Segment 

July 17, 9. 58 1,36 o, 248 5 
10. 17 1,62 O, 1677 

10. 43 1,96 o, 1361 

23, It. 5 „ o, 1862 
11. 20 1,32 0, 2357 

11. 28 1,21 0, 2910 

11. 35 1,11 0,3201 

. 8 0,3521 


| wp he law which the variation of theſe ſegments follow is nearly as + - R 
x being the diſtance of the ſatellite from the center of CN in ſemidiameters 
of Jupiter ; ; M. BaiLLY therefore aſſumes 4 * +=) Y being the ſeg 


ment; and by taking two values of y and the RR values of 
x, we get two equations, from which we can determine & and c; the two 
values of y which he aſſumed are 0,1862 and 0,3521, and taking the correſ- 


. values of x, he found þ = 0,3 397, and c = o, 495 hence 23397 ——== + 


A 8425 = ; by applying this to other obſervations, he found the errors 


Wat? ſmaller than could be expected. By proceeding thus for the ſecond and 
third ſatellites, he found for the 


Satellites 

0,3397 , 0,0495 __ 
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VARIOUS CIRCUMSTANCES RESPECTING, THE 


The fourth was, determined by M. de la LAxpE, M. Bairly not having 
fuſicient obſervations upon the ſatellite, to determine the law of variation. 

462. M. BaryLy, in the laſt place, conſiders the effects of different tele 
S The greater the quantity of light which a teleſcope receives, or che 
greater the aperture, the leſs will be the inviſible ſegment, and that in the in- 
verſe ratio of the aperture, for in this caſe, the ſame quantity of light comes to 
the eye. Hence by taking into conſideration all the circumſtances, he reduced 
the obſervations, and found, in general, a very near agreement after the reduc- 
tion, compared with the agreement between the obſervations themſelves. 
The calculation requires that we ſhould know the diameters of the ſatellites ;. 
theſe he deduced i in the following manner, 

463. On June 30, 1771, he obſerved the immerſion of the firſt ſatellite. 
At 24 minutes in time before the immerſion, with an aperture of 10,5 lines he 
loſt ſight of the fatellite, the whole aperture being 24 lines. With an aperture- 
of 13 lines, he made his obſervation of the immerſion ; and taking off the dia- 
Phragm, he then obſerved it 4. 54” longer. Now an aperture of 10,5 lines 
gives the inviſible ſegment BFG So, 1914; but here we muſt take into con- 
ſiderat ion, the proximity of the ſatellite to Jupiter. At the time when the 
ſatellite diſappeared with an aperture of 10, 5 lines, it was 1,57 diſtant from 
Jupiter, and at the immerſion it was 1, 2 5; hence if we put theſe for *, we me 
get the correſponding ſegments 0,2571 and o, 1695; hence 9,1695 : 0,2571 : 
©,1914; : , 9,2903 the inviſible. ſegment BHO which correſponds to _ 
whole aperture at the diſtance. x,25, deduced from that which was obſerved 
at the diſtance 1,75. But with an aperture of 13 lines, the legment BDE 
muſt be greater in proportion as the aperture is leſs, or in the ratio of 13*: 24%; 
hence BDE=0,9895. Now the verſed fine BK — 0,664, od. BH =1,99852, 
therefore KH = 1,33452, the ſpace paſſed over in . 54“; here the ſatellite 
entered obliquely into the ſhadow; but if it had entered e e it 
would have taken only 4. 5 r” to have paſſed over the ſame part; hence 
1,33452 : 2 (the diameter) :: 4. 51“: 7'. 16“ the diameter in time, which 
anſwers to 1*. . 36” the diameter of the ſatellite ſeen from Jupiter. If the 
reader wiſh for any further fatisfaction upon this ſubject, he may conſult the 
Mem. de I Acad. Roy. des Scien. 1771; or the Phil. Tranſ. Vol. LXIII. 
464. Dr. Mask ELYxXE obſerves, that the method here propoſed of correct- 


ing the immerſion and emerſion of a, fatellite, mult be ſubject to a certain 
degree of inaccuracy from hence, that when you reduce the aperture of the 
teleſcope ſo as to make the ſatellite diſappear, you alſo diminiſh the quantity 
of light from Jupiter in the ſame proportion, on which account the fatellite 
will be vii with a leſs quantity of = than it would be if Jupiter con- 

tinued 


werbe or TUPITER'S| SATELLITES, 


fidued of the ſame brightneſs, and therefore the inviſible” ſegment will have a 


1efs ratio to the whole ſurface, than the quantity of light in the ; ny when 
the farellite is rendered inviſible has to the- quantity of liglit in the whole 
aperture. A correction therefore for this circumſtance ought to be applied. 
We may alſo further obſerve, that beſides the circumſtances which are here 
taken notice of, the twilight, the clearneſs of the air, the proximity of Jupiter 
to the moon, and the eye of the oblerver, all combine to affect the time at 
which the ſatellite becomes inviſible. 2 

465. When Jupiter is fo far diſtant from conjunction with the "* as to be 
about 8˙ above the horizon when the ſun is 8 below, an eclipſe of the ſatel- 
lites will be viſible at any place; this may be determined near enough by a 
celeſtial globe ¶ Nautical Almanac. Before the oppoſitions bf Jupiter to the 
ſun, the immerſions and emerſions happen to the ef of upiter z after oppo- 
ſition, they happen to the ea. If an aſtronomical teleſcope be uſed, which 
reverſes objects, the appearance will be contrary. The ſatellites in the confi- 
gurations in the Nautical Almanac are put down on their proper ſides of Jupiter; 
ſuch a teleſcope therefore reverſes their ſituation in reſpect to Jupiter, making 
thoſe on the eaſt appear to the weſt, and thoſe on the weſt appear to the eaſt. 
The immerſions ſignify the inſtant of the difappearance of the ſatellite by en- 
tering the ſhadow of Jupiter; and the emerſions ſignify the inſtant at which 
they firſt appear at the coming out of the ſame. For directions to the 
obſerver, I refer the Reader to my Practical Afronomy, page 186. 

466. M. Cassint ſuſpected that the ſatellites had a rotation about their 
axes, as ſometimes in their paſſage over Jupiter's diſc they were viſible, and at 
other times not; he conjectured therefore that they had ſpots upon one ſide 
and not on the other, and that they were rendered vifible in their paſſage when 
the ſpots were next the earth. At different times alſo they appear of different 
magnitudes and of different brightneſs. The fourth appears generally the 
ſmalleſt, but ſometimes the greateſt; and the diameter of it's ſhadow on Jupiter 
appears ſometimes greater than the ſatellite. The third alſo appears of a vari- 
able magnitude, and the like happens to the other two. M. MARALPDI alſo 
concluded from his own obſervations, that they had a rotation. M. Poux p 
alſo obſerved that they appeared more luminous at one time than another, and 
therefore he concluded that they revolved about their axes. 
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THE CONSTRUCTION OF THE TABLES. 


On the Conftruftion of the Epocks in the Tables. 5 

467. The epoch of a ſatellite for any year is found from a conjunction of the 
ſatellite; this will be beſt explained by an example. By Article 451, it was 
found that the time of a mean conjunction of the firſt ſatellite in 1764, was 
January 1, 8/. 26'. 47", as computed for the conſtruction of the Tables; but 
this is not the true time of the mean conjunction, but it is that time dimi- 
niſhed by the ſum of the maxima of all the equations, Except that ariſing from 
the equation of Jupiter's orbit, which ſum is 29'. 22”; add this therefore to 
the above time, and it gives January 1, 8. 56“. 9“ for the true time of the 
mean conjunction, or the time when the mean 1 5 of the ſatellite upon it's 
orbit was the ſame as the mean place of Jupiter in it's orbit; but, by compu- 
tation, the mean place of Jupiter at that time was 2*. 8*. 56. 41”, this there- 
fore is the mean place of the ſatellite at the ſame time; but the mean motion 
of the ſatellite in 1d. 84. 56'. 9“ was g'. ge. 14. 10”; ſubtract this therefore 
from 2“. 8. 56“. 41”, and we have 4*. 29%. 42“. 31” for the mean place of the 
ſatellite at the beginning of 1764, or the epoch for that year, at Paris. The 
conſtruction of the Tables here explained, has been for the mean diſtance 
of Jupiter from the earth, that 1s, to repreſent the fatellites as ſeen from that 
diſtance, becauſe we applied the equations of light as explained. in Article 420, 
which reduces the time at the place where the earth is at the time of obſer- 
vation, to the time at which the ſame phænomenon of the ſatellite (it's con- 
junction) would have appeared if the earth had been at it's mean diſtance 
from Jupiter. As Greenwich is- 9“. 20” eaſt of the Obſervatory, at Paris, if 


1*. 19'. 8”, the mean motion of the fatellite for that time, be added to 


4. 29% 42. 31“, it gives 5*. 19. 1. 39“ for the epoch for Greenwich, the 
year at Greenwich beginning 9“. 20“ later than at Paris. But the epochs in 
theſe Tables are for the lea diſtance of Jupiter from the earth, and conſe- 
quently they are found from the epochs at the mean diſtance, by adding to 
them. the mean motions of the ſatellites for 100. 10”, that being the time (420) 
which light takes in paſſing over a ſpace equal to the difference between the 
leaſt and mean diſtances. For as any ſituations of the fatellites appear 
100. ro” ſooner at the leaſt than at the mean diſtance. of Jupiter from the 
earth, at any point of time they muſt appear forwarder in their orbits at the 
former than at the latter: diſtance by their motions in that time. Now the. 
mean motion of the ſatellite in 100. 10“ is 1“. 26, 12”; hence the epoch for 
1764, for the leaſt diſtance of Jupiter, is 5*: 2% 2. 51”; the Tables which 
are here given, were conſtructed from other obſervations. Having determined 


the epoch for any one year, the epochs for the following years are found by 
con- 
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Ht constrvertox or TRE TABLES 
continually adding to it, the mean motions for a year, as explained in Article 


452; and the epochs for the preceding years are found by ſubtraction; thus 


we continue the Tables as far as we pleaſe. 
468. The firſt Table <otitalns" the epöchs of the fatellites at the beginning 


of the year, 1 that is, on December 31 of the preceding year by the civil ac- 
count; at 12 o'clock at noon, mean time; except on leap-year, in which the 


place 1 15 put down for January! 1 „At 12 OAK at noon, mean time. 


Table the ſecond contains the mean motions for months, ſhowing at the 
end of ea each h month, how much forwarder the fatellites are than they were at 
the e of the year. If therefore to the place at the beginning of the 
year, you add the mean motion for any month, it gives the mean place for the 
end of that month, or for the beginning of the next. The month of February 
is here ſuppoſed to contain 28 days. Now in leap- year, the epoch being for 
the firſt of January at noon, mean timè, when we add the motion for January, 
it gives the place on F ebruary I, at noon ; and adding the motion for Feb- 
-ruary, it gives the place for the laſt day at noon, becauſe from January 1, to 
February 29, in leap: Near is the ſame as from December 31 to February 28. 
in the common years ; hence the mean motions for the other months added 
to the epochs, will give: the mean of vpn as 5 well in bg char as in the common 
years. 
i 'The third Table e the mean motions for days, as r as 31, that 
being ſufficient, as we have the mean motions for months. But in leap- year, 
in the months of January and February, we muſt take the motion for one day 
leſs than the day of the month, becauſe (as above explained) the epoch 1 is for 
the firſt of January, and the motion for a month being added gives the place 
on the firſt of February ; the places therefore being thus obtained after one 
day in each month has paſſed, the motion from that time to any other day 
muſt be one day leſs than the number of days of the month. 

The fourth Table contains the mean motions for hours; and the fifth T able 
contains the mean motions for minutes and ſeconds. 

The fixth Table contains the apparent diftances of the ſatellites from the 
center of Jupiter in terms of it's ſemidiameters, / according to their ſituations 
in their orbits, and the geocentric place of Jupiter. 15 

The ſeventh Table contains the firſt equation of light; the eighth contains 
the ſecond equation of light. Theſe Tables are conſtructed to the neareſt 
diſtance of Jupiter from the earth; and therefore at all other times, the ſatellites 
will appear to come later to the places found from the Tables than the time 
to which they were computed, by the equations in the Tables. 3 
ets able the nuyh contains the 1 of the center of the fourth ſatellite. 


469. Theſe 


or JUPITER'S SATELLITES, 


469. Theſe Tables give only the mean places of the ſatellites, except for the 
fourth ſatellite, whoſe Place may be corrected by the equation of the orbit. 
This accuracy is ſufficient for the purpoſe for which the Tables are here given, 
they being principally intended to find the configurations of the ſatellites. In 
the Tables for computing the eclipſes, the epochs for each year are thoſe of the 
firſt mean conjunction of the ſatellite after the commencement of the year; 
the conſtruction of they: Tables, and their uſes, will be DENY in the 


ſecond Volume. 
470. If it be ne to find the apparent poſitions of the elle at any 


given apparent time, that time muſt be converted into mean time (the Tables 


being conſtructed to mean time) by applying the equation of time; and then. 


from that mean time, the equation of light muſt be ſubtracted, and the com- 
putation made for that time; and from the places thus found, we muſt ſub- 
tract the geocentric place of Jupiter, and proceed as already explained. 
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THE MEAN MOTIONS OF JUPITER%. SATELLITES FOR 
MINUTES AND SECONDS.” 
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OF JUPITER, IN SEMI-DIAMETERS OF JUPITER. 
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: TABLE, VI. 
[DISTANCE OF THE SATELLITES = FROM THE * GEOCENT RIC PLACE or JUPITER. 
Sig.| O. Eoft vi. Wap. || L Buf. VII. #9. II. Ea, 
I III m iu. | 1 . m. IV.. u. 
| 5 Semid. Semid Semid Semid. |[S-mid. Semid.| Semid. | Semid. {|Szmid.|}5emid 
o|2,0 o,o %% | 0,0 2,95 4, 70 7,50 [13,19 6, 12,14 
100, 10 0, 16,26 | 0,46 [3,04 [4484 | 7,73 13.59 5,178.22 
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312,31 o, 49,78 1,38 3, 225, 12 8,17 [14,37 , 278, 38 
4, 41 , 66, 05 1,843, 305. 26 8, 3914,75 5,3 18,45 
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282,7 4,41 ½, 412, 39,01 [7,97 12,72 [22,37 [5,91 9,40 
29/2, 86 4,56%, 2712,79 5,07 8, o6 [12,80 [22,61 , 91 [9,40 
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THE FIRST EQUATION OF LIGHT.. 


TABLE VII. 
ARGUMENT. DISTANCE OF JUPITER FROM THE SUN. 5 
1 1 — Lo _ — — — » — | — — | 
Deg.] Sig. O. Sig. L. Sig. II. Sig. III. Sig. IV. Sig. V. the 
o 160% 15 “15% io” 12“, 12% 8, . 35 $f. 87:14 © 
x | 16, 15 | 15. 6 | 12. 5 | 7. 59 | 3- 56 £1 i136 
2 | 16. 15 | 15. 1 | Il. $7 | 7. 51 3. 49 o* 57 28 
3 | 16, 1414. 56 | 11. 49 | 7+ 42 3. 42 | ©. 53 | 27 
4 | 16, 14 | 14. 52 | 11. 41 | 7. 34 3. 35 O. 49 26 
5 | 16. 1314. 47 $1: 239 | 975 $$ . 28 8. 45 | 25 
1 16, 323 14. 42 11. 25 7. 16 4.41 O. 42 | 24 
/ o | 86, 1 14. 37 11. 191 | Þ- 6 3. 14 | ©. 3823 
816. 10 | 14. 32 | 11. 9 | 6. 59 3. 7 | ©. 36 | 22 
og. (116) ig 414-287; 11-: 2} & 51 | 3-.-0 | 0:33] 21 
10 | 16. 7 | 14. 21 | 10. 55 | 6. 42 | 2. 53 | 0. 30 | 20 
11 | 16. 5 | 14. 15 | 10, 47 | 6* 34 2. 47 o. 27 19 
6 12 | 16. 414. 9 | 10. 38 | 6. 26 2. 41 o. 24 18 
1316. 2 | 14. 310. 30 | 6. 18 | 2. 35 | ©. 22 | 17 | 
*14 |;16.. o 13. 58 | 10. 22 | 6. 10 | 2. 29 o. 19 | 16 
15 1 58 E43. 10. 14 6, I 2. 23 8 3 
| 16 | 15.. 56 | 13-.46 | 10. 6 | 5. 53 2. 18 3:% 15: 14 
-17 | 15. 54 | 13. 40 9. £7. 5 45 2. 12 ©. 13 | T9 
-18 | 15.. 51 | 13. 34 | 9- 49 | 5+ 37 PE 6.174% 
'19 | I5. 48 | 13- 298.1}. 9: 40: | 29 „ o. TO | 11 
'20 | 15, 45 13. 22 9. 32 | $+ 21 I. 54 8 10 
he 1 1 8 1 
2115. 4213. 15 | 9. 24 | 5- 13 1. 48 O. 6 2 
22 15. 39 13. 8 9. 16 5 6 1. 43 O. 5 8 ; 
2315. 36 | 13- 1 e t. 26 9. 4 7 
24 | 15. 33 12. 54 67 £9 | 4-30 3 9 3 6 
25 | 15. 3o | 12. 47 6. 30 4. 42 | 1. 29 NT 5 
| 26 15. 1 12. 40 41 | 4 14 1. 33 3 4 
27 15. 38 12. 33 8. 32 4. 26 1. 19 O 1 3 | 
28 | 15. 18 | 12. 26 8. 23 | 4 16 „ 985 2 
20 | 15 34 .,, $ 15 [ 44+ [3 $4 $8 L317 
| 30 15. 10 12. 12 8. 7 4. 3 1. 5 9. 0 O 
| Sig XI. Sig. X. Sig- IX. Sig. VIII. Sig. VII. Sig. VI. 
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THE SECOND EQUATION OF LIGHT. 


TABLE VIII. 


ARGUMENT. ' ANOMALY OF JUPITER. 

Deg. Sig. O. Sig. I. | Sig. II. | Sig. III. Sig. IV. Sig. V. Deg. 
0 4. ” op 3. 47” 35 30 | 2 | 2” 3 12 | ol. 16”. 30 
1 4. 4 | 3.46 3. -1 | 24 o. 39 o 15 29 
24. 4 3. 45 2. 59 | 1. 58 o. 57 o 1428 
3 4. 4 3. K „5s . 5 % 13 $27! 
4 | 4+ 4 3. 43 2. 55 | 1: 33 0. 340 12 26 
6 4. 3 J 42 '] 2© 59 |: 157517 e. 32 fol 12 25 

64. 3 | 3,41 2. 51 | 1. 49 O. 51 O. 11 | 24 

74. 33. 39 | 2. 49 f. 4 ][ o. 49 0 10 [23 

18 4. 33. 38 24% 45 b. % fo 9 %22 

9 14-2 3. 47 21 „% 43" 40. 46 lo 8 ba 
104. 2. | 3. 35 2. 44 | I. 41. 44 | ©, 720 
11 I. 2 114-34 |] 45 42 | $5439- 1 0.:43- 40:26 $529 

| F$ 45404 E171 96542 {| $6.40: | 15370 | P14 70; 6 + 4916 
13 4:4- 0-4: 4--+$1--4 -2-- 38 -|+-$5-:35--4-0.<40-$504- 5 17 

14 4. 03. 0 . 30 ffn 3; 4 ©. 5380-4 io} 5 $086! 
15 14-0 [4-28.11 4. 34 þ::14£20:5-0, 30+ 3505- 534-61 5! 
16 3. 39 3. % , 23 |-15-28-- 0.594-450; 4 14 
17 e 1-15:20- e. 43 1:13 
19 f e eee 
19 3, %% 154-42 5:36 26 [+1522 j 0. 0 0 4 1 
20 4-43-7590 [4.41 + 2:54.24 |; 1520" þ 0.29 +40; -:4- 1-20: 

213 55 | 3. 20 | 2. 21 | 1. 18 o. * Poe. 1 9 
224-3: $4 . » , Nn ieee eee 8 
a e 81:40:14: 7 
a4 n n [+1 15+ [ 9.489 ee 6 
25 4:42:63. o- 1 . 5 
$6 „. 10 Et4+ e fol 4 
2713-50 [|S Si & $15. 5-[0-2p-j0; © 1-3 
284 . » $4+% +4: 1:15:57 16-00-59: % 2 
I ͤ . fv. & þ: 1: 
30 3 %/%/˖ lf, 09 
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TABLE IX. 
| © ARGUMENT. MEAN ANOMALY, __ 
— 1 „ r 1 
Deg. +VI-O. | T VII- I. VIII - II. Deg. 
„ &. o | 24.57" | 43-22” 30 
L, 0-48 25. 42 43. 48 | 29 | 
2 1. 44 | 26. 26 | 44. 14 | 28 
3] 3357 18:1 44 W. 727 
43. 29 27. 54 | 45. 3 | 26 
5 4- 21 28. 37 45. 26 25 
6-]-.: 13 29. 20 45. 48 24 
7 6. 8 30. 6 90 323 
8 6. 57 30. 44 46. 30 | 22 
{| 9 7. 48 Il. 25 46. 50 [| 21 
10 | 8.39 | 32. 6 | 47. 9 20 
| — — — — — — a 
11 9. 31 32. 46 47. 26 19 
12 10, 8 33. 25 47. 44 18 
13 | 11.13 | 34 4 43. 58 | 17 
7 6 FO 48. 13 16 
1512. 55 035 21 48. 28 15. 
1613. 45 | 35: 57 | 48. 42 14 
17']- 14. 3 36. 33 48. 56 | 13 
r 1 
16. 1.4 37, 43 j- 4% 1 11 
r 38. 18 | 49. 28 | 10 
. 1 Na- eee eee 
ICC 
22 18. 41 39. 25 49. 46 8 
23 |. 19s £9 394 57 49% 34 I 2 
24 | 20. 17 40. 28 or 1 8 
25 21. 5 r 
— 44 * — ———— i— | 
T6 7; Xx.:42 | 47-29 TX Y 1 
3 41. 58 50. 14 3 
| 28 11:29.'20: [, een © þi 
29 424. 12 42. 55 50. 19 
3024. 57 43. 22 50. 20 © 
＋XI- V. TX-IV. IX if. 
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oon SATURN'S SATELLITES, 


On the Satellites of Saturn. 


471. In the year 1655, HuyGENs diſcovered the fourth ſatellite of Saturn ; 
and publiſhed a Table of it's mean motion in 1659. In 1671, M. Cass IxI 
diſcovered the fifth, and the third in 16723 and in 1684, the firſt and ſecond ; 
and afterwards publiſhed Tables of their motions. He called them Sidera 
Lodoicea, in honour of Eovrs'le GRAxp, in whoſe reign; and obſervatory, they 
were firſt diſcovered. Dr. HAT LET found by his own obſervations in 1682, that 
Hvurczxs's Tables had confiderably run out, they being about 1 5* in 20 years 
roo forward, and therefore he compoſed new vw Tables from more correct elements. 
He alſo reformed M. Cass1x1's Tables of the mean motions ; and about the 
year 1720, publiſhed them | SEE time, corrected from Mr. Pouxp's 
obſervations. He obſerves, the four innermoſt ſatellites deſcribe orbits. 
very nearly in the plane of the ring, which he ſays is, as to ſenſe, parallel to our 
equator ; and that the orbit of the fifth is a little inclined to them. The fol- 
lowing Table contains the periodic. times of the five ſatellites, and their diſ- 
tances in ſemidiameters of the ring, as determined by Mr. Pouxp, by « 
micrometer fitted to the teleſcope given by Huyczxs to the Royal Society. 
Mr. Pou xp firſt meaſured the diſtance of the fourth, and then deduced the 
reſt from the proportion between the ſquares of the periodic times and cubes of 
their diſtances, and theſe are found to agree with obfervations. 
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, ; 4 ö 8 * 0 * - * 
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| A e £54 e345 Diſt. in ſemid. | Dift. in ſemid. DIR. in ſemid. Diſt. at the 


d eee, ee, ee, | of Ring by | mean di. 
E 21718 27% 1 8 #7 Woah 125 0. 43",5| 
III 2 ee Nen 56,286 | 2 - o. 56 ö 
III 4. 12 25. 12 V 3752 1 32 TE's; 208 N 
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The laſt column is from Cant ; but Dr. HeRSCHEL makes the diſtance 
of the fifth to be “. 3197, which is probably more exact. In this and the 
two next Tables, the ſatellites are numbered from Saturn as they were before 


the diſcovery of the other two. 
On 


oN sATURN's SATELLITES. 


On- Jaws 9, 1749, at 104, Mr. Pound found the diſtance of the. fourth 
ſatellite to be 3“. 7“ with a teleſcope of 123 feet and an excellent micrometer 
fixed to it; and the ſatellite was at that time very near it's greateſt eaſtern di- 
greſſion. Hence at the mean diſlance of the earth from Saturn that diſtance 
becomes 2. 58“ 21; Sir I. NEwToON- makes it 3. 4. 

472. Tlie periodic times are found as for the ſatellites of Jupiter (409). 
To determine theſe, M. Cass ix choſe the time when the ſemi-minor axes of 
the ellipſes which they deſcribe were the greateſt, as Saturn was then go from 
their node, becauſe the place of the ſatellite in it's orbit is then the ſame as 
upon the orbit of Saturn; whereas 1n every other caſe i it would be neceſſary to 


apply the reduction (426) in order to get the place in it's ofbit. 
473. As it is difficult to ſee Saturn and the ſatellites at the ſame time in 


the field of view of a teleſcope, their diſtances have ſometimes been meaſured 


by obſerving the time. of the paſſage of the body of Saturn over a wire ad- 
juſted as an hour circle in the field of the teleſcope, and the interval between 
the times when Saturn and the fatellite paſſed. From comparing the periodic 
times and diſtances, M. CAss INI obſerved that KEeLER's Rule (218) agreed 
very well with obſervations. 

474. By comparing the ſatellites with the ring in different points of their 
orbits, and the greateſt minor axes of the ellipſes which they appear to deſcribe 
compared with the major axes, the planes of the orbits of the firſt four are 
found to be very nearly in the plane of the ring, and therefore are inclined to 
the orbit of Saturn about 3o*; but the orbit of the fifth, according to M. 
Cass1N1 the Son, makes an angle with the ring of about 1575. 

475. M. Cass1N1 places the node of the ring, and conſequently thoſe of 
the four firſt ſatellites, in 5*. 22* upon the orbit of Saturn, and 5˙. 215 upon 
the ecliptic. M. Huy6GzNns had determined it to be in 5*. 20%. 300. 
M. MARALDI in 1716 determined the longitude of the node of the ring 
upon the orbit of Saturn to be 5*. 19“. 48“. 30”; and upon the ecliptic to be 
5*. 16. 20'. The node of the fifth ſatellite is placed by M. Cassix1 in 5*. 5 
upon the orbit of Saturn. M. de la Laxpe makes it 5*. o. 27. From the 


obſervation of M. BERNARD at Marſeilles in 1787, it appears that the node 


of this ſatellite is retrograde. 
476. Dr. HALLEY diſcovered that the orbit of the Croats fatellite was ex- 


centric. For having found it's mean motion, he diſcovered that it's place by 
obſervation was at one time 37 forwarder than by his calculations, and at other 
obſervations it was 2. 30 behind; this indicated an excentricity; and he 
placed the line of the apſides in 10*. 22% Phi. Tranſ. Ne. 145. 


* *. : TABLES 


N 

n * 
5 
' 
j 
|S 2 
„* 
5 
Ih; 
£ 
F 
f 


ON SAruRx's SATELLITES, 


TABLES or THEIR REVOLUTIONS! AND MEAN MOTIONS, | 
ACCORDING TO N. DE LA LANDE. 


$ a 
— * = 
WY * K 
3 — —_— 
— 


Satel. Diurnal Motion Motion in 365 days | 


53%. 4. 44. 42“ 


: ” = . 
— 1 „„ "4 


II 14 11. e * 3 . 


Ong e 2. r9. 41. 25 9-16: 57 4 
1v | o. 22. 34. 38 10. 20, 39. 37 | 


| | V . 4. 32. 197 7. 6. 23. 37 Fo 


a — 


nit 8 Periodic Revolution  Synodic Revolution + | 


3 15 = 18, 260222 14. 210. 1854,78 


II 2. 17. 44: 31, 177 | 4. F. 48. 51,013 


63 


, I 4. 12. 25. 11,100 rag, Tae 27. 555239 


rs TRE 
IVY] 18...22. 16,022 


The 237 ʃ 23,13 


9 


Fe 


2 


477. M. Cass ix obſerved that the fifth ſatellite diſappeared regularly for 
about half it's revolution, when it was to the eaft of Saturn; from which he 
concluded, that it revolved about it's axis; he afterwards” however doubted of 
this. But Sir I. NEwToN in his Principia, Lib. HI. Prop. T7, concludes from 
hence, that it revolves about it's axis, and in the fame time that it revolves 
about Saturn; and that the variable appearance ariſes from ſome parts of the 
ſatellite not reflecting fo much light as others. Dr. HERSCHEL has con- 
firmed this, by tracing regularly the period: cal change of light through more 
than 10 revolutions, and finding it, in all appearances, to be cotemporary 
with the return of the fatellite to the fame ſituation in it's orbit. This is fur- 
ther confirmed by ſome obſervations of M. BERNARD at Marſeilles in 17873 


and is a remarkable inſtance of 1 among the ſecondary planets. 
4 J. 18. 478. Theſe 


ON SATURN'S SATELLITES» 


478. Theſe are all the ſatellites which were known to revolve about Saturn 
till the year 1789, when Dr. Hzrscurr, in a Paper in the Phil. Tranſ. for 
that year, announced the diſcovery of a fixth ſatellite, interior to all the others, 
and promiſed a further account in another paper. But in the intermediate 
time he diſcovered a ſeventh ſatellite, interior to the ſixth; and in a Paper 
upon Saturn and it's ring, in the Phi. Tranſ. 1790, he has given an account 
of the diſcovery, with ſome of the elements of their motions. He afterwards 
added Tables of their motions. 

479. Aſter his obſervations upon the ring, he ſays, he cannot quit the 
ſubje& without mentioning, his own ſurmiſes, and that of ſeveral other Aſtro- 
nomers, of a ſuppoſed roughneſs of the ring, or inequality in the planes and- 
inclinations of it's flat ſides. This ſuppoſition aroſe, from ſeeing luminous 
points on it's boundaries projecting like the moon's mountains; or from ſeeing 
one arm brighter or longer than another; or even from ſeeing one arm when 
the other was inviſible. Dr. HERSCHEL was of this opinion, till he ſaw one 
of theſe points move off the edge of the ring in the form of a ſatellite. 
With his 20 feet teleſcope he ſuſpected that he ſaw a ſixth fatellite ;. and on 
Auguſt 19, 1787, marked it down as probably being one; and having finiſhed 


his teleſcope of 40 feet focal length, he ſaw ſix of it's ſatellites the moment he 


directed his teleſcope to the planet. This happened on Auguſt 28, 1789. 
The retrograde motion of Saturn was then nearly 4. 30“ in a day, which made 


it very eaſy to aſcertain, whether the ſtars he took to be ſatellites were really ſo; 


and in about two hours and an half after, he found that the planet had viſibly 
carried them all away from their places. He continued his obſervations, and 
on September 17, he diſcovered the ſeventh ſatellite. Theſe two ſatellites lie 
within the orbits of the other five. Their diſtances from the center of Saturn 
are 367889, and 286689; and their periodic times are 1d. 83. 53“. 8“, 9 
and 22h. 3. 22%. The orbits of theſe ſatellites lie ſo near to the plane of 
the ring, that the difference cannot be perceived. 


480. As ſoon as he had. made obſervations ſufficient to ons Tables of 


their mean motions, he calculated their places backwards, and found that his 
ſuſpicions of the exiſtence of theſe ſatellites, in the ſhape of protuberant points 
on the arms of the ring, were confirmed, and this ſerved to correct the Tables. 


He has alſo conſtructed Tables of the motions of the other five fatellites ;. 


the epochs he deduced from his own obſervations, which differ conſiderably 
from thoſe given by M. de la Laxps, in the Counuoiſſan ce des Temps, for 1791; 
but he aſſumed the mean motions the ſame as there given. The tollowing 
Tables of the epochs and mean motions are given by Dr. HERsCHEL in the 
Phil. Tranſ. for 1790. The ſatellites are here numbered in their order from 


Saturn. 


EPOCHS 


285 


236 


TABLES OF SATURN'S SATELAATES. 


EPOCHS OF. THE MEAN- LONGITUDES OF 
SATURN's SATELLITES. 


0, 6, LNG; 
Years. Deg, dec.|Deg. dec 
1787 | 335391 | 149,16 
1788 | 196,84 | 132,41 |] 
1789 53.23 9309 
1790 269,63 53,77 
| 1791 126,02 | 14,45 


20, 82 


0 Deg. dec. Deg. dec. 
| 


87.21 | 
93,86 


307,78 


272,18 


173,95 
304, 19 
74,43 
204, 68 


5 = 
Deg. dec. Deg. dec. 
| 


176,46 

131,91 

256,66 
21,41 


1 


— 


146,16 


353,81 


269,31 
307,48 
82,92 
218,36 


234,74 


THE MOTION OF THE SATELLITES ABOUT SATURN IN 


MONTHS. 

[+ „VII. VI. | ee ob. 5: 
| Months. Deg. dec. | Deg. dec. Deg. dec. Deg. dec. Deg. dec. Deg. dec. Deg. dec. 
January ©00,00 | 000,00 | 000,00 | 000,00 | 000,00 | 000,00 | 000,00 
February | 140,68 | 339,89 | 310,40 | 117,58 | 151,64 | 224,54 | 320,81 
March | 267,75 | 252,05 | 21,734 200, 56 91,18 20,91 | 215,73 
S f | hl Es | 
| April 48,43. 231,95 332,13 318,74 242,81 245,45 176,54 
May 184.57 | 189,26 202, 84 304,19 | 203,75 | 207,27 | 115,39. 
| June > | 325,25 | 169,16 | 153,24| 61,77 | 355,39 | 71,81 | 76, 20 
| July | 101,39 | 126,47 | 23,94| 47,82 | 316,33| 33,63 | 15,05: 
1 Auguſt | 242,07 | 106,37 | 334,34 165,40 | 107,96 | 258,17 | 335,86. 
Eee; 22,75 | 86,26 | 284,74 | 282,98 | 259,60 | 122,72 | 296,67 
"October | 158,89 | 43,58 155,45 | 209,03 | 220,54 | 84,54 | 235,52 
November] 299,57 | 23,47 | 105,85 | 26,61| 12,17 | 309,08 | 196,33 
| December] 75,71 | 340,78 | 336,56 | 12,66 | 333,11 | 270,90 | 135,17 


- 


In the months January and F ebruary of a biſſextile year, ſubtra& 1 from the 
number of days given. 


TABLES OF SATURN'S SATELLITES. 


THE MOTION OF SATURN's SATELLITES IN DAYS. 


9 


VII. VI. V. | IV. | III. 


SAVC 


5 


O © cow 0 


Dex. dec. Deg. dec. Deg. dec. Deg. dec. Deg. dec. 
454 | 22,56 131,53 | 190,70 
9,08 | 45,15 263,07 | 21,40 

13,61 | 67,73 34,60 | 212,09 
18,15 90,31 166,14 42,79 | 
22,69 | 112,89 297,67 | 233,49 
273 135,46 69,21 64,19 
31377 | 155,04 200,74 | 254,89 
36,30 | 180,62 332,28 | 85,58 
40,84 | 203,19 103,61 | 276,28 
45939 | 225377 | 235,35 106,98 
49,92 | 248,35 | 6,88 | 297,68 | 
54,46 | 270,93 138,42 | 128,38 
58,99 | 293,50 269,95 319,07 
63,53 | 316,08 41,49 | 149,77 
68,07 338,66 173,02 340,47 
72,01] 1,24 304,56 171,1) 
7,15 23,81 76,09 1,87 
1,69 46, 39 207,63 | 192,56 | 

| 86,22 | 68,97 339,16 | 23,26 

90, 76 | 91,54 110,70 | 213,96 

| 95,30 114,12 | 242,23 | 44,06 
99,84 | 136,70 13377 | 235535 

104,38 | 159,28 145,30 | 66,05 
108,91 | 181,85 276,84 | 256,75 
113,45 | 204443 | | 46,37 | 87,45 
117,99 | 227,01 | 179,91 | 278,15 
122,53 | 249,58 311,44 | 108,84 
127,07 | 272,16 82,98 | 299,54 
13, 60 294,74 214,51 | 130,24 
136,14 | 317,32 346,05 | 320,94 
140,68 | 339,99 | 319,40 117,58 151,64 
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288 TABLES OF 'SATURN'S SATELLITES. 


THE MOTION OF SATURN's SATELLITES IN- HOURS. 


TABLES Or sATuxx's /SATELLITEN 289 


THE MOTION OF SATURN s SATELLETTES IN MINUTES. 


290 


TABLES OF SATURN'S SATELLITES. 


THE MOTION OF SATURN's SATELLITES IN MINUTES. 
I. F. F. LSEESE AN 
31 [o, 10 {| 0,49 | 1,72- | 2,83 | 4,10 5,66 | 8,22 | 
32 | 0,11 | 0,50 | 1,77 | 2,92 | 4324 | 5984 | 8,49 
33 | 0,11 | 0,52. | 1,83 3, | 4337 | 6,02 | 8,75 
34 | o, 11 | 0,53 | 1,88 | 3,10. | 4,50 ] 6,20 | 9, 02 
| 35 [o, 12 | O55 | 1994. | 3-20 | 4463 | 6,39 | 9,29 
36 | 0,12 | 0,56 | 1,99 3,29 | 4377 -| 6,57 | 9555 
37 | 0,12 | 0,58 | 2,05 | 3,38 ] 4390 || 6,75 -| 9,82 
38 | 0,13 | 0,60. | 2,10. | 3,47 -, 5903 | 6,93 | 10,08 
| 39 | 0,13 {| O,61 | 2,16-| 3,56 | 5,16 ] 7,12 10, 35 
40 | 0,13 | 0,63 | 2,21 |: 365 5.30 730 10, 61 
— | — — 
41 [o, 14 | 0,64 |. 2,27 | 3,74 | 5,43 | 7,48 10, 88 
42 | 0,14 | 0,66 | 2,32 | 3,83 | 5,56 |: 7,66 11,14 
43 | 0,14 | 0,67 | 2,33 | 3,93 | 509 | 1505 11,41 
44 o, 15,69 | 2,43 | 4902 | 5,83 |» 8,03 11,67 
1 45] 0,15 | 0,7Þ- |: 2,49 |: 4o11 |}: $590 : |- 8,21 [11,94 
— — : — —— — 
46 | 0,15 | 0,72 |. 2,55 4,20 | 6,09 | 8,39 12, 20 
47 | 0,16 | 0,74 | 2,60 | 4,29 | 6,22 | 8,58 | 12,47 | 
48 | 0,16 | 0,75 | 2,66 | 4,38 | 6436 | 8,76 | 12,73 
49 | 0,16 | 0,77 | 2,71 | 4347 | 6,49 | 8,94 | 13,00 | 
50 | O,17 | 0,78 | 2,77 | 4257 6,629, 1213,27 
| 51 | 0,197 | 0,80 | 2,82 | 4,66 | 6,75-|, 9,30 | 13,53 | 
| 52 | 0,17 | 0,82 | 2,88 4,75 | 6,88 | 9,49 | 13,80 
53 | 0,17 | 0,83 | 2,93 4,84 7,02 | 9,67 14, o6 
| 54 | 0,18 | 0,385 | 2,99 | 4993 | 7,15 | 9,85 | 14,33 | 
{ 55 | 0,18 0.866 | 3,04 | 5,02 | 7,28 10, 0314,59 
| 56 | 0,18 | 0,88 | 3,10 | 5,11. | 7,41 10, 22 14.86 | 
j 57 | 219 | ©2389 3,5 | 5920. |. 7,55 | 10,40 15,2 
| 58 | 0,19 | 0,91 | 3,21 | 5,30 | 7,68 | 10,58 | 15,39 
| 59 0.19 | O93 | 3327 5739 7581 10, 76 | 15,65 
60 | 0,20 | 0,94 | 3,32 65,48 | 7,94 | 10,95 | 15,92 


For the motion in Seconds, for Dee. dec. read Min. dec. 


ON SATURN'S SATELLITES: 29t 


On theſe Tables, Dr. HzxscneL makes the following obſervations. 
% I have not attempted to extend them farther than a few years backwards 
or forwards, as I am not in poſſeſſion of any obſervations that could authorize 
me to undertake ſuch a work. On the eontrary, I am well. convinced, that 
no Tables will give us the ſituation of the ſatellites accurately, till we have at 
leaſt eftabliſhed the dimenſions of their elliptical orbits, and the motion as 
well as the fituation of their aphelia. The epochs for 1789, therefore, muſt be 
looked upon not as mean ones, but ſuch as reſpect the orbits of theſe ſatellites 
m their ſituation during the time of the following obſervations ; and the two 
preceding, and two following years, muſt be already a little affected with thoſe 
errors which are the neceſſary conſequence of our not knowing the required 

elements.“ 1 | h 


On the Configuration of Saturn's Satellites. 
481. The following Tables, which were conſtructed and calculated by the 


Rev. Dr. MAsKELYNE, A/fronomer Royal, furniſh a very ſhort and eaſy method 
of finding the poſition of the fatellites at any time. 
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TABLES OF SATURN's SATELLITES: 293 


TIAB DU E i 1h 


The apparent Diftances of Saturn's firſt, ſecond, third, fourth, fifth and fixth'" Satelliten from it's 
"ter, in tines parallel to the line of the Anſe of the Ring; and of the ſeventh Satellite in lines purullel to the 
lnger axis of it's apparent orbit, in ſemidiameters of the Ring, and hundredths of the ſume. 


r 


3 3 ARGUMENT: * Diſtance. of the Satellite, from the Apogee: une | 
* . TT ES VI. Vet. 1. Eaft.” 8 | VII. . | * f. —— — [8 
” Diſtance of the Satellites. "| Diſtance of the Satellites. Diſtance of the SateTlitgg s. 
CG . rr — — — — — — — 5 | — — 
DI. | IL III. W. V. VI. | VII. III. IV. V. VL | Vn. | I. — III. IV.] V. VI. rn. D 
4 ̃ —ůů— ̃ u-. | Juocmncs | Te... 3 — — — — — 144 
cemid semid |5emid. semid [5emid.” Semid. $emid. semid.|$emid. [5emid.|Semid. |, Semia. |{Semid. [Semid.|-emid. send. [remtd, [Sema sem!d. 
— — {none} r .. ] 
oo, oo 0,00 o, oo ö 1,05 1,34 1287 4935 —.— 524 59 1,82 [2,33 325%, 53419530 
——  — 2 EET Books e 93K, SOOT. POO" —— ee g e "FL 
110,02 o, oʒ [0,04 1,08 [1,38 [1,93 [4-48 f;, 125 fi, I 2,30 [3,28 7,61 [22,17 9] 
210,05 o, ob [0,07 1,11 [1,42 [1,99 [4,01 [13,42 ||!,2 1,621,852, 383,31 7,68 22,38 2 
310,08 [0,10 ſo, 11 1,141,462, 05 [4,74 [13,79 }} 227 1,04 11,87 2,40 3,34 77755 27 
4, 10 o, 13 o, 14 | 12 7 1,50 z, 1604, 86 14, 161, 28 1,65 11,89 [2,42 3.37 7,8 222,78 25 
519,12 o, 16 o, 18 1,20 [1,54 2,16 14:99 14,8328 J1,7 [1,91 12,44 [3-40 [7,89 [22:97 25 
— —— — . — — — — — — . — — 
610,15 o, 19 ſo. 22 8 23 1 8 [2,21 |5,11 [14,89 1,30 1,68 1,92 [2,40 [3,43 7795 23,16 24 
70, 18 ſo, 22 o, 25 | 17 1,622, 265,24 15,25 i,51 [1,70 1,94 [2,45 |3,4018,01 123,33 123 
8 0,26 ſo, 29 3 1,29, 1,65 12,31 15,30 [15,60[1,32 [1,71 11,95 [2,50 [3,4818,07 23,50 [22 
9 29 [0,32 1,32 [1,69 2,36 [5,4 [15,94 „33 1,72 1,96 [2,57 3.516,13 23, 66 [21] 
32 [0,30 | 1,35 [1,73 2,41 [559 [16,28\[1,34]1,7311,97 |2.53[3-53[8,18 123,82 [20 
0,35 [2,40 | 1,38 [1,77 [2,46 [571 j16,62 |[1,35 [1574 1,98 [2,55 [3,55 8,23 23,9719 | 
0,38 [0,44 [0,56 1,40 [1,80 [2,51 [5.82 [16,96 [[1,36]1,75 [1,98 fa, 5 [3,57 [8,27 [24,1118 I! 
0,42 [0,48 [0,0 51,43 [1,84 [2,56 [593 [17,28 [1,37 [1,76 a, oo 2,58 3, 59 6, 32 24.2417 | 
0,45 [0,51 11,46 [1,87 [2,61 [6,04 [17,60 |[1,37 [1,77 [2,02 [2,59 |3,6018,36 [24,37 [16 | 
0,48 0 55 o 49 [1,91 [2,66 6,15 [17,92 11,38 11,78 2,03 2, 5 3,62 8. 40 4 4815 
— — Ae | 
0,51 10,58 11,51 11,94 |2,70 [0,20 118,23 1,39; 1,79 [2,04 [2,91 [3,04 19,44 [2459 [14 '| 
0,54 [0,02 (11,54 [1,97 2,75 6,36 [18,53 [|1,49]!,80 [2,05 |2,62 [3,66 8, 48 24, 70 [13 | 
„57 10,05 11,56 2,00 2,79 10,40 18,83 11540 1,80 [2,05 2,633.67 (18,51124,80|12z 
o [0,69 41,59 [2,03 2,83 16,56 [19,13 1,40 fl, 81 [2,06 2,64 [3,68 18,54 24,8811 
0,63 [0,72 1,61 |2,c6 |2,87 6, 66 19,42 1,41 1,81 12,07 12,65 |3 69 18,56 — 2 | 
0,66 [0,76 6 [2,09 [2,91 (6,76 [19,70 [[1:41 [1,82 [288 [3,66 3.70 [8,59 [25,03 | 9 i 
0,69 "gt 1,66 [2,12 oe 6,85 [19,97 , 411,82 [2,08]12,06|3,71 18,61 25,10 4 | | 
0,72 0,83 1,68 2,1 2,99 0,95 20,24 1,42 1,83 2,08 2,67 3,72 8,63 25,16 7 | | 
O,75 [9,86 1,70 [2,18 |3,03 [7,94 [20,51 [[1,42 [1,83 [2,09 [2,67 [3,73 8,65 [25,21] 6 
0,78 ſo, 89 1,72 , 213,7 7, 1320,76 U, 43 [1,84 [2,09 2,68 3-74 [5,67 125-25 5 | 
0,81 [0,92 1,74 [2,23 [3,11 [7.21 [21,01 1,43 [1,84 [2,09 [2,68 | 3,74 8,68 [25,29 4 'F 
0,84 [0,96 1,76 [2,26 |3,15 [7430 21,261,431, 4 [2,10 2,69 [3,74 [8,69]25,32 3] | | 
0,87 ſo, 99 1,78 2,28 3,18 7,38 [21,50 , 43,84 [2,10 2, 69 3,75 8,69 25,33 2 # 
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TABLE III. 


The apparent ' Diſtances f 'Saturu's firſt, ſecond, third, fourth, fifth and fixth Satellites from 11, 
line of the Anſæ of the Ring; and of the ſeventh. Satellite from the 28 axis * it's apparent orbit, in ſeni 
diameters . the Ring, and hundredths of tlie ſame. 
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egy __ or TABS ct] | D 2613-0 gd 5:90! 30 43700 21 

| Wo M10 ! 115197 enn 07 Sni oils o 
4382. From Saturn's ebenen Wgitwüs taken out f the” ank 
Almanac, ſubtract the place of the fatellite's aſcer node (at preſent 


5˙. 205. 54 for all but the ſeventh, and for that 5. 6*. K ” d there i remain 
the argument of latitude; with which take the reduction out” of Table I, 
and fubtract it from the argument of latitude in the firſt or thita' quadrant, 
but add it to the ſame in the ſecond or fourth quadrant; that is according to 


the ſign put at the top or bottom of the Table in the column of reduction, 


and you will have the diſtance of the apogee point of the ſatellite's orbit from 
the node. Apply the reduQtion alſo, and with the fame fign as before, to 
Saturn's geocentric longitude, and you will have the longitude of the apogee 
point on the ſatellite's orbit. Subtract the longitude of the apogee thus found 
from the ſatellite's longitude, and there will remain the diſtance of the ſatellite 
from the apogee ; with which in Table II. find the apparent diſtances of the 


ſatellites from Saturn's center, meaſured in lines parallel to the longer axis of the 


ring; except of the ſeventh ſatellite, which will be meaſured in lines parallel to 
the longer axis of it's apparent elliptical orbit; and if the argument be under 


ſix ſigns, the ſatellite will be eaſt of Saturn's center; but if the argument be 
greater than ſix ſigns, the ſatellite will be weſt of Saturn's center; as is marked 


by the fide of the ſigns of the argument in the Table. 

Add and ſubtract the diſtance of the ſatellite from the apogee to and from 
the diſtance of the apogee from the node, and you will have two arguments, 
with which enter Table III. ſeparately, and take out the correſpondent lati- 
tudes, with their proper titles north or ſouth, ſtanding by the ſigns of the 


arguments; of which, if both of the ſame kind, the ſum with the common · 


title ; but if of different kinds, the difference with the title of the greater, will 
be the latitude of the ſatellite, as ſeen from the earth, meaſured by it's apparent 
diſtance from the line of the anſæ of the ring; except in the ſeventh ſatellite, 
which is meaſured by it's diſtance from the longer axis of it's apparent ellipſes; 
in ſemidiameters of the ring, and hundredths of the ſame. 

Add three ſigns to the diſtance of the apogee from the node, with which 


take out the latitude from Table I. with it's proper title, north or ſouth, 


adjoining to the ſign of the argument, which will be the apparent inclination 


of the line of the anſæ of Saturn's ring, or of the longer axis of the ſeventh 
ſatellite's 
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 fatellite's orbit, to Saturn's orbit; and the line of the anſæ, or longer axis of the 
ſeventh ſatellite's orbit, will aſcend from weſt to eaſt northward above Saturn's 
apparent orbit! in dhe heavens; or deſcend from weſt to eaſt fouthward below 
ir, according as the title adpoining to the ſign of the argument in the Table 
is north or ſouth. Change the title of the inclination of the line of the àanſæe 
of the ring to Saturn's orbit to the contrary ; and if the inclination of the 
line gf. the anſæ of che fing with che title thus changed, and the inchination of 
0 longer axis of che ſeventh ſatellite's orbit, be of the ſame kind, their ſum with 

he common title; but if of different kin. their difference, with the title of 
a * the anclination;of the longer axis, of the ſeventh fatellite's 
orbit to thei line of the anſe of the ring. And the longer, axis of the fexenth 
sctellite's orbit. will aſcend. from woſt to eaſt northward, above, or deſcend from 
well to caſt; ſouthward below line of the eaſe, a as che ee 
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ON. THE SATELLITES OF THE GEORGIAN. 


On the Satellites of the More 


dg. On January 11, 1787, as Dr. HerscuEL was eben the Georgian, 
15 perceived, near it's diſc, ſome very ſmall ſtars, whoſe places he noted. 
The next evening, upon examining them, he found that two of them were 
miſſing. Suſpecting therefore that they might be ſatellites which had diſap- 
peared in conſequence of having changed their ſituation, he continued his 


obſervations, and in the courſe of a month diſcovered them to be ſatellites, as 


he had at firſt conjectured. Of this diſcovery he * an account in the 
Phil. Tranſ. 1787. | 

484. In the Phil. Trauſ. 1788, he publiſhed a further account of this diſ- 
covery, containing their periodic times, diſtances, and poſitions of their orbits, 
ſo far as he was then able to aſcertain them. The moſt convenient method of 
determining the periodic time of a ſatellite is either from it's eclipſes, or from 


taking it's poſition in ſeveral ſucceſſive oppoſitions of the planet; but no 


eclipſes have yet happened ſince the diſcovery of theſe fatellites, and it would 
be waiting a long time to put in practice the other method. Dr. HzrscuEL 
therefore took their ſituations whenever he could ' aſcertain them with - ſome 
degree of preciſion, and then reduced them by computation to ſuch ſituations 
as were neceſſary for his. purpoſe. In computing the periodic times, he has 
taken the ſynodic revolution, as the poſitions of their orbits, at the times when 


their ſituations were taken, were not ſufficiently known to get a very accurate 


ſidereal revolution. The mean of ſeveral reſults gave the ſynodic revolution 


of the firſt ſatellite 8d. 174. 1'. 19,3, and of the ſecond 13d. 11h. 5. 1,5. 


The reſults, he obſerves, of which theſe are a mean, do not much differ 
among themſelves, and therefore the mean 1s probably tolerably accurate. 
The epochs from which their ſituations may at any time be computed are, 
for the firſt, October 19, 1787, at 194. 11', 28”, and for the ſecond, at 174. 
220. 40“, at which times they were 76. 43' north following the planet. 

485. The next thing to be determined in the elements of theſe ſatellites 
was their diſtances from the planet; to obtain which, he found one diſ- 
tance by obſervation, and then the other from the periodic times (218). 
Now in attempting to diſcover the diſtance of the ſecond, the orbit was ſeem- 
ingly elliptical. On March 18, 1787, at 84 2'. 50“, he found the elongation 


to be 46”,46, this being the greateſt of all the meaſures he had taken. Hence 


at the mean diſtance of the Georgian from the earth, this elongation will be 
44,23. Admitting therefore, for the preſent, ſays Dr. HERscRHETL, that the 
ſatellite moves in a circular orbit, we may take 44“ 23 for the true diſtance 
without much error ; hence, as the ſquares of the periodic times are as the 

7227 2 cubes 
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cubes of the diſtances, the diſtance of the firſt ſatellite comes out 33%, og. 
The ſynodic revolutions were here uſed inſtead of the fidereal, which will make 
but a ſmall error. 

486. The laſt thing to be done was to determine the inclination of the 
orbits, and places of their nodes. And here a difficulty preſented itſelf which 
could not be got over at the time of his firft obſervation ; for it could not then 
be determined which part of the orbit was inclined u the earth, and which 


from it. On the two different ſuppoſitions therefore Dr. HRRScREL has com- 


puted the inclinations of the orbits, and the places of the nodes, and found 
them as follows. The orbit of the ſecond ſatellite is inclined to the ecliptic 
99˙. 43'- 53,3, or 81“. &. 4”,4; it's aſcending node upon the ecliptic is in 
5*. 18*, or 8*. 6%; and when the planet comes to the aſcending node of this ſa- 
tellite, which will happen about the year 1799, or 1818, the northern half of 
the orbit will be turned towards the eaſt, or weft, at the time of it's meridian 


| paſſage. M. de Lampe makes the aſcending node in 5˙. 21*, or 8“. 9, from 


Dr. HERSCRET's obſervations. The fituation of the orbit of the firſt ſatellite 
does not materially differ from that of the ſecond. The light of the ſatellites 
is extremely faint ; the ſecond is the brighteſt, but the difference is ſmall. The 
ſatellites are probably not leſs than thoſe of Jupiter. There will be eclipſes of 
theſe ſatellites about the year 1799, or 1818, when they will appear to aſcend 
through the ſhadow of the planet, in a direction almoſt perpendicular to the 
ecliptic. | | 
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Art. 487; „Gg was the e firſt partie who ebay: any hin cet 


ordinary in Saturn. The planet appeared to him like à large 


tobe between two ſmall ones. In the year 1610 he announced this diſcovery: 
He continued his obſervations till 1612, when he was ſurpriſed to find only 
the middle globe; but ſometime fter be again diſcovered the globes on each 


fide, which, in proceſs of time, to change their form; ſometimes 


appearing round, ſometimes oblong like an acorn, ſometimes nee ; 


then with horns towards the globe in the middle, and growing by degrees fo 
long and wide as to encompaſs it, as it were with an oval ring. Upon this 


Hvycxns ſet about improving the art of grinding object glaſſes ; and made 
teleſcopes which magnified two or three times more than any which had been 
before made, with which he diſcovered very clearly the ring of Saturn; and 
| having obſerved it for ſome time, he publiſhed the diſcovery in 1656, He 
made the ſpace between the globe and the ring equal to, or rather. bigger than 
the breadth of the ring; and the greateſt diameter of the ring to that of the 


globe as 9 to 4. But Mr. PovnD, with a micrometer applied to HurGens's 


teleſcope of 123 feet long, determined the ratio to be as 7 to 3. Mr. 
Wls rox, in his Memoirs of the Life of Dr. CLARk, relates, that the 


Doctor's Father once ſaw a fixed ſtar between the ring and the body of Saturn. 


In the year 1675, M. CàAssixi faw the ring, and obſerved upon it a dark 
elliptical line dividing it as it were into two rings, the inner of which appeared 


brighter than the outer, He alſo obſerved a dark belt upon the planet, pa- 
rallel to the major axis of the ring. Mr. Hapzer obſerved that the outer. 


part of the ring ſeemed narrower than the inner part; and that the dark line 
was fainter towards it's upper edge; he alſo ſaw two belts, and obſerved the 


ſhadow of the ring upon Saturn. In October 1714, when the plane of the 
ring very nearly paſſed through the earth; and was approaching to it, M. 
MarALDI obſerved, that while the arms were decreaſing both in length and 


breadth, the eaſtern arm appeared a little larger than the other for three or 
four nights, and yet it vaniſhed firſt, for after two nights interruption by 


clouds, he ſaw the weſtern arm alone. This inequality of the ring made him 


ſuſpect that it was not ane by a hel planes, and that it 
3 val! turned 
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turned about it's axis. But the beſt deſcription of this ſingular phanomenon 
is that given by Dr. HERSCRHEL in the Phil. Tranſ. 1790, who, by his 
extraordinary teleſcopes, has diſcovered many umſtances which had eſcaped 
all other obſervers. We ſhall here give the ſu e of his account. Figure 


10g, is a view of Saturn and it's ring, as they appeared on June 20, 1778. 


488. The black diſc, or belt, upon the ring of Saturn is not in the middle 
of it's breadth; nor is the ring ſubdivided by many ſuch lines, as has been 


repreſented by ſome Aſtronomers; but there is one * ſingle, dark, conſidera- 


bly broad line, belt, or zone, as in this Figure, which he has conſtantly found 
on the north ſide of the ring. As this dark belt is ſubject to no change what - 
ever, it is probably owing to ſome permanent conſtruction of the ſurface of 
che ring. This conſtruction cannot be owing to the ſhadow of a chain of 
mountains, ſince it is viſible all round on the ring; for at the ends of the 
ring there could be no ſhade; and the ſame argument will hold againſt any 
ſuppoſed caverns. It is moreover pretty evident, that this dark zone is con- 
tained between two concentric circles, as all the phænomena anſwer to the 
projection of ſuch a zone. The nature of the ring is undoubtedly no leſs ſolid 
than the planet itſelf; and it is obſerved to caſt a ſtrong ſhadow upon the pla- 
net. The light of the ring is alſo generally brighter than that of the planet ; z 
for the ring appears ſufficiently bright, when the teleſcope affords ſcarcely. light 
enough for Saturn. Dr. HERSCHEL next takes notice of the extreme thinneſs 
of the ring. He frequently ſaw the firſt, ſecond, third, fourth and fifth ſatel- 
lites paſs before and behind the ring in ſuch a manner, that they ſerved as an 
excellent nycrometer to meaſure it's thickneſs by. It may be proper to men- 
tion a few inſtances, as they ſerve alſo to ſolve ſome phznomena obſerved by 
other Aſtronomers, without having been accounted for in any manner that 


could be admitted conſiſtently with other known facts. July 18, 1789, at 


194, 41“. 9“ ſidereal time, the third ſatellite ſeemed to hang upon the following 
arm, declining a little towards the north, and was ſeen gradually to advance 
upon it towards the body of Saturn; but the ring was not ſo thick as the lucid 
point. July 23, at 194. 41“. 8”, the fourth ſatellite was a very little preceding 
the ring, but the ring appeared to be leſs than half the thickneſs of the ſatellite. 
July 27, at 208. 15'. 12”, the fourth ſatellite was about the middle, upon the 
following arm of the ring, and towards the ſouth ; and the ſecond at the farther 
end, towards the -north ; but the arm was thinner than either. Auguſt 29, 
at 22h, 12, 25%, the fifth ſatellite was upon the ring, near the end of the pre- 
ending arm, and the thickneſs of the arm ſeemed to be about + or + of the 

| diameter 


Ry” In a Paper i in the Phil. Trend 1792, Dr. HearcusL obſerves that, « ſince FRY year 1774 
to the preſent time, I can find only four obſervations where any other black diviſion of the ring 


is mentioned than the one which I have conſtantly obſerved; theſe were all in June, 7 " 
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diameter of the ſatellite, which, in the! ſituation it then was, he took to be 
leſs than one ſecond in diameter. At the ſame time, the firſt appeared at a 
little diſtance following the fifth, in the ſhape of a bead upon a thread, pro- 
jecting on both ſides of the ſame arm; hence the arm is thinner than the firſt, 
which is conſiderably ſmaller than the ſecond, and a little leſs than the third. 
October 16, he followed the firſt and ſecond ſatellites up to the very diſc of 
the planet; and the ring, which was extremely faint, did not obſtruct his ſee- 
ing them gradually approach the diſc. Theſe obſervations are ſufficient to 
ſhow the extreme thinneſs of the ring. But Dr. Hzerscner further obſerves, 
that there may be a refraction through an atmoſphere of the ring, by which 


the ſatellites may be lifted up and depreſſed, ſo as to become viſible on both 


ſides of the ring, even though the ring ſhould be equal in thickneſs to the 
ſmalleſt ſatellite, which may amount to 1000 miles. From a ſeries of obſer- 
vations upon luminous points of the ring, he has diſcovered that it has a rota- 
tion about it's axis, the time of which is 10h. 32“. 15% 4. 

489. The ring is inviſible“ when it's plane paſſes through the ſun, the earth, 
or between them; in the firſt caſe, the ſun ſhines only upon it's edge, which 
is too thin to reflect ſufficient light to render it viſible ; in the ſecond caſe, 
the edge only being oppoſed to us, it is not viſtble for the ſame reaſon ; in the 
third caſe, the dark fide of the ring is expoſed to us, and therefore the edge 


being the only luminous part which is towards the earth, it is inviſible on the 
fame account as before. Obſervers have differed 10 or 12 days in the time of 


it's becoming inviſible, owing to the difference of the teleſcopes, and of the 
ſtate of the atmoſphere. Dr. HERSeHER obſerves, that the ring was ſeen in 
his teleſcope when we were turned towards the unenlightened fide ; fo that he 
either ſaw tlie light reflected from the edge, or elſe the reflection of the light 
of Saturn upon the dark fide of the ring, as we ſometimes ſee the dark. part of 
the moon. He cannot however ſay which of the two might be the caſe ; 
eſpecially as there are very ſtrong reaſons to think, that the edge of the ring 
is of ſuch a nature as not to reflect much light. M. de la Lanps thinks that 
the ring 1s just viſible with the beſt teleſcopes in common uſe, when the ſun 
is elevated 3“ above it's plane, or 3 days before it's plane paſſes through the 
ſun; and when the earth is elevated 2. 30“ above the plane, or one day from 
the carth's paſſing it. 

490. In a Paper in the Phil. Tranſ. 1790, Dr. HEerscnEL ventured to 
hint at a ſuſpicion that the ring was divided; this conjecture was ſtrengthened 


by 


The diſappearance of the Ring is only with the teleſcopes in common uſe among Aſtrono- 
mers; for Dr. HeRsCHEL, with his large teleſcopes, has been able to ſee it in every ſituation. 


He thinks the edge of the Ring is not flat, but ſpherical or ſpheroidical. 
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by futute obſervations, after he had had an opportunity of ſeeing both ſides 
of the ring. His reaſons are theſe: 1. The black diviſion upon the ſouthern 
ſide of the ring, is in the ſame place, of the ſame breadth, and at the ſame 
diſtance from the outer edge, that it always appeared upon the northern fide. 
2: With his ſeven feet reflector and an excellent ſpeculum, he ſaw the diviſion 
on the ring, and the open ſpace between the ring and the body, equally dark, 
and of the: fame colour with the heavens about the planet. 3. The black 
diviſion is equally broad on each fide of the ring. From theſe obſervations, 
Dr. HERScSRHRL thinks himſelf authorized to ſay that Saturn has two concen- 
tric rings, ſituated in one plane, which is probably not much inclined to the 
equator of the planet. The dimenſions of the two rings are in the ——_— 
n a —Y e could be aſcertained. 


BY Parts. 
Inſide diameter of the ſmaller ring 5900 


„ Out ſide diameter n ade 32. olive ee 
Inſide diameter of the larger ring 7740 
Outſide Mamete r 38300 
. Breadth of the inner ring 805 
Breadth of the outer ring 280 
Breadth of the ſpace between the rings. - 115 


ln the Mem. de I Acad. at Paris 1987, M. de la Pran ſuppoſes that the 
ring may have many diviſions; but Dr. HERSscHET remarks, that no obſer- 


vat ions will juſtify this ſuppoſition. 


491. From the mean of a great many meaſures of the diameter of the 
larger ring, Dr. HERscHEL makes it 4667 at the mean diſtance of Saturn. 
Hence, it's diameter : the diameter of the earth :: 25,8914 : 1. From the 
above proportions therefore, the diameter of this ring ma he 204883 miles; ; 
ag the diſtance of the two rings 2839 miles. 

492. The ring being a circle, appears elliptical from it's oblique poſition ; Z 
and it appears moſt open when Saturn is go® from the nodes of the ring Won 
the orbit of Saturn, or when Saturn's longitude is about 2*. 17, and 8˙. 1 
In ſuch a ſituation, the minor axis is extremely nearly equal to half the 
major, when the obſervations are reduced to the ſun; z conſequently the plane 
of the ring makes an angle of about 30* with the orbit of Saturn; it will 
alfo be ſhown that it continues parallel to itſelf. The ſituation of the 


nodes of the ring, and all it's other phænomena, may be determined as 
follows, 


493 · Let 
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493. Let & be the ſun, AB the orbit of the earth, »7r2v the orbit of Frc. 
Saturn, vn the line of the nodes; transfer theſe circles to the ſphere of the 106. 
fixed ſtars, and let them be repreſented by NZ, VNA; and let RY be the plane 
of the ring extended to the ſame ſphere; then F is the place of the. node of 
the ring upon Saturn's orbit, and the node upon the ecliptic ; draw FS, 
and 7 is the place of Saturn when the plane of the ring paſſes through the ſun ; 
alſo let r be the place of Saturn when the plane paſſes through the earth at c, 
and draw crH; let z be any other poſition of Saturn, and e the correſponding 
place of the earth, and draw $zd, ezm to the abovementioned ſphere ; join 
mV by a great circle, and let fall. the perpendiculars 4p, mw upon VR, and G, 
HI and FT upon ZN. 

494. The place F of the node upon the orbit of Saturn may be immediately 
found, from obſerving the heliocentric place of Saturn in it's orbit when the 
plane paſſes through the ſun, for that place is the place of the node. 
Now as the ring is inviſible a few days before, and as many after it paſſes 
through the ſun, to get the time when it paſſes, obſerve the time when it diſ- 
appears and the time when it becomes viſible, and the middle point of time is 
the time when the plane paſſed through the ſun ; and the place of Saturn at 
that time is the place of the node of the ring. According to M. de la Lanpe, 
on January 8, 1774, the plane of the ring paſſed through the ſun, at which 
time the longitude of Saturn upon it's orbit was 5*. 20*. 38', which therefore 
was the place of the node F of the ring. Now the node N at that time was in 
3˙. 21%. 43; hence FN = 58*. 55, the diſtance of the node of the ring upon 
the orbit of Saturn from the node of Saturn; and to find the diſtance YN 
upon the ecliptic, we have in the right angled triangle FTN, FN = 58*. 55 
and the angle FNT = 2“. 29“. 50 hence we find TN = 58˙. 53“, 33“, TF = 
2%. 8. 19”, and the angle NFT = 88*. 42“. 36”; from which ſubtract NY 
30* (492) the angle which the plane of the ring makes with the orbit of Sa- 
turn, and we have V FT = 58*. 42. 36“; hence in the right angled triangle 
VFT, we have FT = 2%. 8“. 19”, and V FT = 58“. 42“. 36”, therefore YT = 
3%. 300. 49”, which ſubtracted from TN, leaves YN= 55. 22". 44” the diſtance 
of the node of the ring on the ecliptic from Saturn's node ; and the angle 
FVT=31*. 21'. 19“ the inclination of the ring to the ecliptic. M. MARALPDI 
made it 31% 20'; HEixns1vs made it 31*. 23“. 17“. Allo as the longitude of 
N was 3*. 21%. 43', we have the longitude of the node / of the ring upon the 
ecliptic 5*. 17% 5. 44”. MARALDI found it 5˙. 16%. 17“ in 1715; and if 
from that time to 1774 we allow 49' for the preceſſion of the equinoxes, it 
makes the place in 1774 to be 5*. 17. 6, within 16” of what it was found by 
obſervation. Hence it appears that the plane of the ring 1s fixed. The Place 
of the node of the ring upon the orbit of Saturn was, according to Hurezxs, 
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in the middle of the laſt century 5˙. 205. 30; Cass1nT made it 5. 22“. This 


is the aſcending node. 
495. The place of the node may alſo be found from the time when the 


plane of the ring paſſes through the earth, obſerving at that time, the geocen- 
tric latitude HJ, and the longitude, from which we get IV, knowing the place 
of the node V. Hence in the right angled triangle NIv, we know IN and 
the angle N, to find Nv, Iv and the angle Nv]; therefore in the triangle Hv F, 
we know He, HvF and HFv, to find vF, which taken from vN leaves FN. 
Or if we ſuppoſe the angle HV known, then knowing HI, we find IV, there- 
fore if we know the longitude of I, we ſhall know that of T. Now according 
to M. de la LAx PDE, the ring paſſed through the earth on April 3, 1774, at 
which time the geocentric place I of Saturn was 5˙. 21. 7'. 38”, and latitude Hi 
was 25. 27; if therefore we ſuppoſe the angle HV to be 31* 21'. 19”, we have 
IV = 4*. 1. 35”, which ſubtracted from 5*. 217. 7. 38”, leaves the longitude 
of the node on the ecliptic 5*. 17. &. 3”, which is within 19” of what it was 
found (494) from the paſſage of the plane through the ſun. When the earth 
and Saturn are moving in oppoſite directions, the place of the node may be 
more accurately determined by this method, than by the paſſage of the plane 
through the ſun ; becauſe the diſappearance takes 27 quicker, and therefore 
you can determine the time more accurately 

496. In determining tie nodes of the ring, we ſuppoſed the inefinaciva 
known, whereas the inclination 1s fou nd from knowing the place of the 
nodes, by obſerving the ring when Saturn is go* from the nodes. But by con- 
ſtantly obſerving the opening of the ring about the time when it is the greateſt, 


we ſhall get very nearly it's inclination, and a ſmall error in that will make 
but a very little alteration in the place of the node. 


an. IH 
fin. I 
= tan. I S tan. 31*. 20' = 0,6088. As this muſt take place when I is 
within a few degrees of the node /, it will be very eaſy to compute when the 


497. When the plane of the ring paſſes through the earth, we s ive © 


_ paſſage happens, by aſſuming ſome time, and taking at that time the geocentric 


latitude and longitude of Saturn from the Nautical Almanac, and thence find- 


ing , and dividing the tangent of the latitude HT by the fine of V; aſſume 


two times as near as you can conjecture to the time required, and the two re- 
ſults will direct you to find, by proportion, a time "uy near to that required; 
thus you will very eafily get the time. 


Ex. On WES: 3, 1789, the geocentric longitude of Saturn was 11*. 20%. 2%, 
and latitude 1*.. 54“. 20”; and the place of the deſcending node to be 


11.193 
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, 185 tan. 1“. 54.7 20 
11*. 1. 18, we have IV 3. 5; hence 2 . 5 


we find the value to be 0,602 ; hence the ring paſſed through the earth on 
May 3, agreeing with Dr. MASKELYNE's computation (501). 


498. To determine the appearance of the ring when the earth is at any point 
e, and Saturn at 2, it is manifeſt, that e 1s at the ſame angular diſtance from 
the plane of the ring at Saturn that is, the angles at z being vertical; but 
the angular diftance of n from the plane of the ring at z is meaſured by mz, 
which therefore meaſures the elevation of the eye at e above the plane. Now 
to find mw, let there be given e the geocentric latitude of Saturn, and it's 
geocentric longitude, or the point & on the ecliptic ; then, as the point is 
known, we ſhall know GY; hence we can find mV, and the angle , 
which ſubtracted from w YG gives wYm; therefore in the triangle mw, we 
can find mw the elevation of the eye above the plane of the ring. Hence 


rad. : fin. mw :: major axis: minor axis of the ring. 


Ex. On July 12, 1784, Mr. Bude obſerved the geocentric longitude of Sa- 
turn to be gf. 20˙. 34. 48”, and latitude 30. 35” N. he alſo determined the aſ- 
cending node of Saturn's orbit to be g*. 21*. 5o'. 8”; hence G. 3*. 29%. 48”, 
and as Em 3. 35”, we have n/ =1239. 29'. 48”, and the angle =. 18“ 
and if we take wFG = 31. 21. 19“, we have mYw = 31*. 17". 1”; hence 
mw = 25*. 38“. 37“; conſequently the major axis: minor axis :: rad. : fin. 
2 5%. 38. 37 :: 100: 43. 


LO 


— 


499. The arc dy meaſures the elevation of the ſun above the plane of the 
ring; hence, knowing the heliocentric longitude of Saturn on it's orbit, or of 
the point d, and the longitude of F the node of the ring upon it's orbit, we 
know dF; and we know allo the angle d Fp which the plane of the ring makes 
with the orbit; hence in the right angled triangle Fpd, we find aß the eleva- 
tion required. | | 

500. In the ſame manner as we have determined the inclination of the ring 
and poſition of the nodes, the inclination of the orbit of the ſeventh ſatellite and 
place of it's node may be determined, by meaſuring the minor axis of the orbit 
which it appears to deſcribe at the time when it is greateſt, and comparing it 
with the major axis, or twice the greateſt elongation. The ſemi- minor axis is 
determined by meaſuring the diſtance of the ſatellite from the planet, when 
that diſtance 1s the leaſt in the whole revolution. 

301. In the Nautical Almanac for 1791, Dr. MASKELYNE has computed 
the diſappearances and re-appearances of the ring in 1789 and 1790; aſſuming 

1 the 


MPT OY On May 4, 
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the place of the deſcending node on the ecliptic to be 11%. 17%. 187, the aſcend- 
ing node of Saturn 3˙. 21*. 51'; inclination of it's orbit 25. 300. 20”; inclination 
of the ring to the ecliptic 31. 20', and place of the aſcending node of the ring 
on Saturn's orbit 5*. 20%]. 52”, all according to M. de la LAx DE; and ſuppoſ- 
ing, with him, that the ring is juſt viſible with the beſt teleſcopes in common 
uſe when the ſun is elevated 3“ above it's plane, or three days before the plane 
paſſes through the ſun ; and when the earth is elevated 2. 30“ above the plane, 
or one day from the earth's paſling it. | 

May 3, 1789, the ring paſſes through the earth, the earth paſſing from 
the northern fide which is enlightened, to it's ſouthern fide which is dark. 

Auguſt 26, the ring re- paſſes to the northern or enlightened fide. 

October 11, the ring paſſes through the ſun ; when it will change it's en- 
lightened fide, from the northern to the ſauthern one ;. conſequently the dark 
fide will then be towards the earth. 

January 29, 1790, the ring paſſes through the earth, and the earth 1 
from the northern or dark, to the ſouthern, or enlightened ſide of the ring, the 
ring will become viſible, and continue ſo till 1803. 

The phænomena may happen five days ſooner or later than. here ſet down, 
if the Tables ſhould err 10' in the geocentric longitude of Saturn. 


— 


By obſervation with an achromatic teleſcope of five feet focal length, Dr. 
MASKELYNE concluded that the ring re- paſſed through the earth on Auguſt 
28, at 11 hour. 


The 
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The following TABLES, taken from the Recueil de Tables Aftronomiques, 
Berlin, 1776, are calculated to ſhow the apparent figure of the Ring, and 
of the orbits of the ſatellites, as ſeen either from the ſun or the earth. 


For the Ring, and Six firſt | 


For the Seventh 
Satellites. | =_ | Satellite. . 
ARG. Long. b. ＋13. 43“. 30% ARG. Long. h + 249. 50. 
— — | — | 1 i > | HEE 
Yo. v1.1. vu. I. viii ⸗ So. vi. I. vn. H. vn x 
re S. 1 + |: +4 
| | 0,000 | 0,260 o, 451 30 o| 0,000 | 0,129 | 0,224 30 
3] 0,027 | 0,284 | 0,404 [27 | 3] 0,014 | 0,141 | 0,230 [27 
6] 0,054 | 0,306 | 0,470 24 6] 0,027. | 0,152 0, 236 [24 
9 0,081 | 0,328 | 0,486 ſ21| | gf 0,041 | 0,163 | 0,242 [21 
12] 0,108 {0,348 | 0,495 18 12 0,054 0, 174 0,246 |18 
15| 0,135 | 0,368 | 0,503 15 15 0,064 | o, 183 o, 250 [I 5] 

1 


0,080 | 0,192 | 0,253-|12] 
0,093 | 0,201 | 0,250 | 9 


— — 


18] 0,161 | 0,384 | 0,509 12 
21] 0,187 9,405,514 9 


0,209 | 0,257 | 6 
0,117 | 0,217 o, 2583 
3000, 129 0,224 | 0,259 | © 


24] 0,212 | 0,421 j 0,518 | 6 
27] 0,236 | 0,437 | 0,520 | 3 
30] 0,260 | 0,451 | 0,521 | © 


by 9 EO 
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-|+ - |+ - + 
XI. VI X. IV. IX. III. XI. V. X. IV. IX. II, 


. . C. Cc. cc C. &. &. cc c. ct. . ci. &. ei EC. cc cc. c. 


To the quantity taken from the Tables, apply the latitude of Saturn ex- 
preſſed in minutes divided by 4000, with the ſign - when the latitude is north, 
and + when it is ſouth; but for the ſeventh ſatellite, we muſt multiply this 


IO ; : ; 
laſt quantity by ; and the reſult gives the minor axis of the ring, or of che 
9 


orbits, the major axis being unity. 
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Ex. On April 22, 176), the geocentric latitude of Saturn was 1*. 10' ſouth, 
and longitude 5'. 16%. 5 1 hence 


For the Ring, and Six firſt For the Seventh 
Satellites. Satellite. 
2*. 16%. 55 | 2 25. 16˙. 55 
13. 43 . een 
3. o. 38 . , 521 3. 11. 44 + + = 0,253 
70 $4 * 
4000 . + 0,017 i000 X 9 "I © +0,019 
Minor axis . =— 0,504 | Minor axis . =— 0,234 


The fign + ſhows that that half of the ring, or of the orbits, which 1s moſt 
diſtant, is more north than the center of Saturn, and the ſign — ſhows it to be 
more ſouth. 

The geocentric latitude and longitude being here taken, we get the appearance 
as ſeen from the earth; the keliccentric latitude and longitude being aſſumed, 
gives the appearance at the ſun. 


CHAP. 
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Art. 502. IN the year 1725, Mr. MoLyNevx, affiſted by Dr. BRADLEY, 
A fitted up a zenith ſector at Kew, in order to diſcover whether the 
fixed ſtars had any ſenſible parallax*, that is, whether a ſtar s would appear to 
have changed it's place whilſt the earth moved from one extremity A of the 
diameter of- it's orbit to the other extremity C; or which 1s the fame, to de- 
termine whether the diameter A/C of the earth's orbit ſubtends any ſenſible 
angle AsC at the ſtar . The very important diſcovery ariſing from their 
obſervations is ſo clearly and fully related by Dr. BRAD LE in a Letter to 
Dr. HALLEyY, that I cannot do better than to give it to the reader in his 
own words. Phil. Tranſ. Ne. 406. 
503. © Mr. MorxNEUx's apparatus was completed and fitted for obſerv- 


ing about the end of November 1725, and on the third day of December fol- 


lowing, the bright ſtar in the head of Draco (marked y by BAYER) was for 
the firſt time obſerved as it paſſed near the zenith, and it's ſituation carefully 
taken with the inſtrument. The like obſervations were made on the 5*, 11 
and 12" of the fame month; and there appearing no material difference in the 
place of the ſtar, a farther repetition of them at this ſeaſon ſeemed needleſs, it 


being a part of the year wherein no ſenſible alteration of parallax. in this ſtar 


could ſoon be expected. It was chiefly therefore curioſity that tempted me 
(being then at Kew where the inſtrument was fixed) to prepare for obſerving 
the ſtar on December 17, when having adjuſted the inſtrument as uſual, I. 


perceived that it paſſed a little more ſouthwardly this day than when it was 


obſerved before. Not ſuſpecting any other cauſe of this appearance, we firſt 
concluded that it was owing to the uncertainty of the obſervations, and that 


either this or the foregoing were not ſo exact as we had before ſuppoſed ; for 


which reaſon we purpoſed to repeat the obſervation again, in order to deter- 
| mine 


* Dr. Hook was the inventor of this method; and in the year 1669 he pat it in practice at 
Greſham College, with a teleſcope 36 feet long. His firſt obſervation was July 6, at which time 
he found the bright ſtar in the head of Draco, marked y by BAYER, paſſed about 2“. 12” north- 
ward from the zenith; on July , it paſſed at the fame diſtance; on Auguſt 6, it paſſed 2', 6" 


northward from the zenith; on October 21, it paſſed 1. 48” or 50 north from the zenith, ac-- 


ccrding to his obſervations, See his Cutlerian Lectures. 
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mine from whence this difference proceeded; and upon doing it on December 
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20, I found that the ſtar paſſed till more ſouthwardly than in the former ob- 
ſervations. This ſenſible alteration the more ſurprized us, in that it was the 


contrary way from what it would have been, had it proceeded from an annual 


parallax of the ſtar: but being now pretty well fatisfied that it could not be 
entirely owing to the want of exactneſs in the obſervations, and having no 
notion of any thing elſe that could cauſe ſuch an apparent motion as this in the 


ſtar, we began to think that ſome change in the materials, &c. of the inſtrument 
itſelf might have occaſioned it. Under theſe apprehenſions we remained ſome 


time, but being at length fully convinced by ſeveral trials of the great exactneſs 
of the inſtrument, and finding by the gradual increaſe of the ſtar's diſtance 


from the pole, that there muſt be ſome regular cauſe that produced it, we took 
care to examine nicely at the time of each obſervation how much it was; and 


about the beginning of March 1726, the ſtar was found to be 20” more ſouth- 
wardly than at the time of the firſt obſervation. It now indeed ſeemed to have 
arrived at it's utmoſt limit ſouthward, becauſe in ſeveral trials made about this 
time no ſenſible difference was obſerved in it's fituation. By the middle of 
April it appeared to be returning back again towards the north; and about the 


beginning of June it paſſed at the ſame diſtance from the zenith as it had 


done in December when 1t was firſt obſerved. | 
From the quick. alteration of this ſtar's declination about this time (it in- 
creaſing a ſecond in three days) it was concluded that it would now proceed 


northward, as it before had gone ſouthward of it's preſent ſituation ; and 


it happened as was conjectured, for the ſtar continued to move northward 


till September following, when it again became ſtationary, being then near 20” 


more northwardly than in June, and no leſs than 39“ more northwardly than it 
was in March. From September the ſtar returned towards the ſouth, till it 
arrived in December to the ſame ſituation it was in at that time twelve months, 


allowing for the difference of declination on account of the preceſſion of the 


equinox. 
This was a ſufficient proof that the inſtrument had not been the cauſe of 


this apparent motion of the ſtar, and to find one adequate to ſuch an effect 


ſeemed a difficulty. A nutation of the earth's axis was one of the firſt things 
that offered itſelf upon this occaſion, but it was ſoon found to be inſufficient ; 

for though it might have accounted for the change of declination in y ons, 
yet it would not at the ſame time agree with the phænomena in other ſtars, 
particularly in a ſmall one almoſt oppoſite in right aſcenſion to y Draconis, at 
about the ſame diſtance from the north pole of the equator ; for though this 
ſtar ſeemed to move the ſame way as a nutation of the earth's axis would have 
made it, yet it changing it's declination but about half as much as y Draconis 
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in the ſame time, (as appeared upon comparing the obſervations of both made 
upon the ſame days at different ſeaſons of the year,) this plainly proved that 
the apparent motion of the lars was not occaſioned by a real nutation, ſince if 
that had been the cauſe, the alteration in both ſtars would have been nearly 
ual. 
. The great regularity of the obſervations left no room to doubt but chat 
there was ſome regular cauſe that produced this unexpected motion, which 
did not depend on the uncertainty or variety of the ſeaſons of the year. Upon 
comparing the obſervations with each other, it was diſcovered that in both the 
fore-mentioned ſtars the apparent difference of declination from the maxima 
was always nearly proportional to the verſed fine of the ſun's diſtance from the 
equinoctial points. This was an inducement to think that the cauſe, whatever 
it was, had ſome relation to the ſun's ſituation with reſpect to thoſe points. 
But not being able to frame any hypotheſis at that time ſufficient to ſolve all 
the phænomena, and being very deſirous to ſearch a little farther into this 
matter, I began to think of erecting an inſtrument for myſelf at Wanſted, that 
having it always at hand I might with the more eaſe and certainty enquire into 
the laws of this new motion. The conſideration likewiſe of being able by 
another inſtrument to confirm the truth of the obſervations hitherto made with 
Mr. MolxNEUx's was no ſmall inducement to me; but the chief of all 
was the opportunity I ſhould thereby have of trying. in what manner other 
ſtars were affected by the ſame cauſe, whatever it was. For Mr. MoLynzvux's 


inſtrument being originally deſigned for obſerving y Draconis (in order, as I 


ſaid before, to try whether it had any ſenſible parallax) was ſo contrived as to 
be capable of but little alteration in it's direction, not above ſeven or eight 
minutes of a degree ; and there being few ſtars within half that diſtance from 
the zenith of Kew bright enough to be well obſerved, he could not with his 
inſtrument thoroughly examine how this cauſe affected ſtars differently ſituated 
with reſpect to the equinoctial and ſolſtitial points of the ecliptic. 

Theſe conſiderations determined me; and by the contrivance and direction 
of the very ingenious perſon Mr. Grxanam, my inſtrument was fixed up 
Auguſt 19, 1727. As I had no convenient place where I could make uſe of 


ſo long a teleſcope as Mr. MoLyNnevx's, I contented myſelf with one of bur 


little more than half the length of his (viz. of about 12 5 feet, his being 24) 
judging from the experience which I had already had, that this radius would 
be long enough to adjuſt the inſtrument to a ſufficient degree of exactneſs, and 
I have had no reaſon ſince to change my opinion; for from all the trials I have 


yet made, I am very well ſatisfied that when it is carefully rectified, it's fitua- 


tion may be {ſecurely depended upon to half a ſecond. As the place where 
my inſtrument was to be hung in ſome meaſure determined it's radius, ſo did 


RR it 
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it alſo the length of the arch or limb on which the diviſions were made. to ads 
juſt it; for the arch could not conveniently be extended farther than to reach 
to about 6. 15” on each fide my zenith. This indeed was ſufficientz/ fince it 
gave me an opportunity of making choice of ſeveral ſtars very different both in 
magnitude and ſituation, there being more than two hundred inſerted in the 
Britiſh Catalogue that may be obſerved with it. I needed not to have ex- 
tended the limb ſo far, but that I was willing to take in 2 the only ſtar 
of the firſt magnitude that comes ſo near my zenith. 

My inſtrument being fixed, I immediately began to obſerve ſuch ſtars as | 
judged moſt proper to give me light into the cauſe of the motion already men- 
tioned. There was variety enouzh of ſmall ones, and not leſs than twelve that 
I could obſerve through all the ſcaſons of the year, they being bright enough 
to be ſeen in the day time when neareſt the fun. I had not been long obſerving 
before I perceived that the notion we had before entertained of the ſtars being 
fartheſt north and ſouth when the fun was about the equinoxes, was only true 
of thoſe that were near the ſolſtitial colure; and after I had continued my ob- 
ſervations a few months, I diſcovered what I then apprehended to be a general 
law, obſerved by all the ſtars, viz. that each of them became ſtationary or was 
fartheſt north or ſouth when they paſſed over my zenith at fix o'clock either 
in the morning or evening. I perceived likewiſe: that whatever fituation the 
ſtars were in with reſpe& to the cardinal points of the ecliptic, the apparent 
motion of every one tended the ſame way when they paſſed my inſtrument 
about the ſame hour of the day or night ; for they all moved ſouthward. while 
they paſfed in the day, and northward in the night; ſo that each was fartheſt 
north when it came about fix o'clock 1n the evening, and fartheſt ſouth when 
it came about ſix in the morning. 

Though I have ſince diſcovered that the maxima in moſt of theſe ſtars do 
not happen exactly when they come to my inſtrument at thoſe hours, yet not 
being able at that time to prove the contrary, and ſuppoſing that they did, I 
endeavoured to find out what proportion the greateſt alterations of declination 
in different ſtars bore to each other; it being very evident that they did not 
all change their declinations equally. I have before taken notice that it 
appeared from Mr. MoLyNEevux's obſervations that » Draconis altered it's 


declination about twice as much as the fore-mentioned ſmall ſtar almoſt oppo- 


ſite to it ; but examining the matter more particularly, I found that the greateſt 
alteration of diclination in theſe ftars was as the ſine of the latitude of each 


reſpectively. This made me ſuſpect that there might be the like proportion 


between the maxima of other ſtars ; but finding that the obſervations of ſome 
of them would not perfe&ly correſpond with ſuch an hypotheſis, and not 
knowing whether the ſmall difference I met with might not be owing to the 

; uncer- 
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uncertainty and error of the obſervations, I deferred the farther examination 
into the truth of this hypotheſis till I ſhould be furniſhed with a ſeries of ob- 
ſervations made in all parts of the year; which might enable me not only to 
determine what errors the obſervations are liable to, or how far they may ſafely 
be depended upon; but to judge whether there had been any ſenſible change 
in the parts of the inſtrument itſelf. 
| Upon theſe conſiderations 1 laid afide all thoughts at that time about the 
cauſe of the fore-mentioned phænomena, hoping that I ſhould the eaſier diſ- 
cover it when I was better provided with proper means to determine more pre- 
ciſely what they were. | | 

When the year was completed I began to examine and compare my obſer- 
vations, and having pretty well ſatisfied myſelf as to the general laws of the 
phenomena, I then endeavoured to find out the cauſe of them. I was already 
convinced that the apparent motion of the ſtars was not owing to a nutation of 
the earth's axis. The next thing that offered itſelf, was an alteration in the 
direction of the plumb- line with which the inſtrument was conſtantly rectified; 
but this upon trial proved inſufficient. Then I conſidered what refraction 
might do, but here alſo nothing ſatisfactory occurred. At laſt I conjectured 
that all the phenomena hitherto mentioned proceeded from the progreſſive 
motion of light and the earth's annual motion in it's orbit For I perceived 
if light was propagated in time, the apparent place of a fixed object would 
not be the ſame when the eye is at reſt, as when it is moving in any other 


direction than that of the line paſſing through the eye and object; and that 


when the eye is moving in different directions, the apparent place of the object 
would be different.“ 
This is Dr. BR ADL Ex's account of this very important diſcovery; we ſhall 
therefore proceed to ſhow that his principle will ſolve all the phenomena. 
504. The ſituation of any object in the heavens is determined by the poſi- 
tion of the axis of the teleſcope annexed to the inſtrument with which we 
meaſure ; for ſuch a poſition is given to the teleſcope, that the rays of light 
from the object may deſcend down the axis, and in that ſituation the index 
ſhows the angular diſtance required. Now it light be progreſſive, when a ray 
from any object deſcends down the axis, the poſition of the teleſcope muſt be 
different from what it would have been it light had been inſtantaneous, and 
therefore the place which 1s meaſured in the heavens will be different from the 
true place. For let & be a fixed ſtar, vF the direction of the earth's motion, S F 
the direction of a particle of light, entering the axis ac ot a teleſcope at a, and 
moving through F while the earth moves from c to J; then if the teleſcope 
keep parallel to itſelf, the light will deſcend in the axis. For let the axis 2m, 
| R R 2 | Fw 
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Fro continue paralle! to ac; then, conſidering each motion * as uniform, the 
ſpaces deſcribed in the ke time will continue in the ſame proportion; but 
F: F:: an: av, and by ſuppoſiti tion F, aF are deſcribed in the ſame time, 
therefore cu, av are deſcribed in the ſame time; hence when the teleſcope comes 
into the ſituation m, the particle of light will be in the axis at v; and this be- 
ing true for every inſtant, in this poſition of the teleſcope the ray will deſcend 
down the axis, and conſequently the place meaſured by the teleſcope at F is 
, and the angle S Fs is the aberration, or the difference between the true place of 
the flar and the place meaſured by the inſtrument. Hence if we take any line 
FS : Ft :: velocity of light: the velocity of the earth, and join St, and com- 
plete the parallelogram Fr Ss, the aberration will be equal to FS. Alſo S 
repreſents the true place of the ſtar, and a the place meaſured by the inſtrument. 
505. As the place meaſured by the inſtrument differs from the true place, 
let us next conſider how the progreſſive motion of light may affect the place 
of the ſtar ſeen by the naked eye. If a ray of light fall upon the eye in motion, 
it's relative motion in reſpect to the eye will be the ſame as if you were to im- 
preſs equal motions in the ſame direction upon each at the inſtant of contact; 
for equal motions in the fame direction impreſſed upon two bodies will not 
affect their relative motions, and therefore the effect of one upon the other 
will not be altered Let v# be a tangent to the earth's orbit at F which will 
repreſent the direction of the earth's motion at F, & the ſtar, join S F and 
produce it to &, and take FG: Fu :: the velocity of light: the velocity of 
the earth in it's orbit, and complete the parallelogram F GH, and draw the 
diagonal FH. Now as FG, F repreſent the motions of light and of the 
earth in it's orbit, conceive a motion Fu equal and oppoſite to F to be im- 


preſſed upon the eye at F and upon the ray of light, then the eye will be at 


reſt, and the ray of light, by the two motions FG, Fs, will deſcribe the dia- 
gonal FH; this therefore is the relative motion of the ray of light in reſpe& to 
the eye itſelf. Hence the object appears in the direction HF, and conſequently 
it's apparent place differs from it's true place by the angle GFH = F$z. It 
appears therefore, that the apparent place of the object to the naked eye is the 
ſame as the place meaſured by the inſtrument. We may therefore call the 
place meaſured by the inſtrument, the apparent place. Many writers have 
given the explanation in this article, as the proof of the aberration, not con- 
ſidering that the aberration is the difference between the true place and that 
meaſured by the inſtrument, or the inſtrumental error; indeed, in this caſe, the 
apparent place to the naked eye coincides with the place meaſured by the in- 

ſtrument, 


0 The motion of the ſpectator ariſing from the rotation of the earth about it's axis is not here 
taken into the calculation, it being ſo ſmall as not to produce any ſenſible effect. 
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ſtrument, and therefore no error has been produced by confidering it in that 
point of view; but ir introduces a wrong idea of the ſubject; the correcłion 
which we apply, or the aberration, is the correction of the place meaſured by 
the inſtrument, and therefore the inveſtigation ought to proceed upon this 
principle; how much does the meaſured: place differ from the true place? 


506. By Trigonometry, fin; FS.: fin. Fi :: H.: S :: velocity of the 
earth : velocit of li ht, hence ſine of aberration = fin. Ft * vel. of earth 5 
7 J. © 7 NE vel. of light ? 


therefore if we conſider the velocity of the earth and of light to be conſtant, 
the ſine of aberration, or the aberration itſelf as it never exceeds 20”, Varies as 
fin. FS, and therefore is greateſt when that angle is a right angle ; if therefore 
be put for, the fine of F7S, we have 1 (rad.) : 5 :: 20” : 5 x20” the — 
Hence when Ft coincides with FS”, or the earth be W A to or from 


a ſtar, there is no aberration. 


507. As (by obſervation) the angle FS: S 20“ when 7 iS = 90⁵ „ we 2 


the velocity of the earth : velocity of light :: fin. 20“: radius :: 1: 10314. 
508. The aberration S's" lies from the true place of the ſtar in a direction 
Po to the direction of the earth's motion, and towards the ſame part. 
zog. Whilſt the earth makes one revolution in it's orbit, the curve, parallel 
to the ecliptic, deſcribed by the apparent place of a fixed ftar, is a circle. 
For let AFB A be the earth's orbit, & the focus in which the ſun is, H the 
other focus; on the major axis AB deſcribe. a circle; drawa tangent' Y to 
the point F, and KY, HZ perpendicular to it; then, by Conics, the points Y 
and Z will be always in the circumference of the circle. Let &“ be the true 
place of the ſtar, any where out of the plane of the ecliptic, which therefore muſt 
be conceived to be elevated above the plane AFB A, and take F: FS as the 
velocity of the earth: the velocity of light, and complete the parallelogram 


Ftss, and s will (504) be the apparent place of the ſtar. Draw FL perpendi- 


cular to AB, and let Mx be the curve deſcribed by the point 5, and VSV 
be parallel to FL. Now (as will be proved when we come to the phyſical cauſes 


© EP . 8 Q 1 1 7 
of the planets motions) the velocity of the earth varices as F or as HZ; but 


F, or Ss, repreſents the velocity of the earth; hence Ss varies as HZ, Alſo 


as Ss, SY are parallel to FI, FL, the angle 5S/ = the angle 7 FL which is = 


the angle ZHL, becauſe the angle LFZ added to each makes two right an- 


gles, for in the quadrilateral figure LFZH the angles L and Z are right ones. 
Hence as Ss varies as HZ, and the angle 5 SY = Z HA, the figures deſcribed 
by the points s and Z muſt be ſimilar; but Z deſcribes: a circle in the time 
of one revolution of the earth in it's orbit, hence 5s muſt deſcribe a circle about 


S in the ſame time. And as Ss is always parallel to FF which lies in the 
Z | 
plane 
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Plane of the ecliptic, the circle Vn Ys is parallel to the ecliptic. Alſo, as $ 
and H are two points ſimilarly ſituated in Y and AB, it appears that the 
true place of the ſtar divides that diameter which, although in a different plane, 

we may conſider as perpendicular to the major axis of the earth's orbit, in the 
ſame ratio as the focus divides the major axis. But as the earth's orbit is very 
nearly a circle, We may conſider $ in the center of the circle without any 
ſenſible error. 

510. As we - may, for the ——— which we ſhall fore want to o conſider, 
conceive the earth's orbit AFB & to be a circle, if from the center C we draw 
O parallel to Ss, or 7F, s will be the point in that circle correſponding to s in 
the circle Fs V x, and as FCS m o, the apparent place of the ſtar in the circle 
of aberration is always 9o*® before the place of the earth in it's orbit, and conſe- 
quently the apparent angular velocity of the ſtar and earth about their reſpec- 
tive centers are always equal. It is further ſuppoſed, that the ſtar S' is at an 
indefinitely great diſtance; for the ſituation of the ſtar is not ſuppoſed to be 
altered from the motion of the earth, and conſidering FS as always parallel 

If, it will always be directed to 8“ as a fixed point in the heavens. 
Hence alſo, as the apparent place of the ſun is oppoſite to that of the earth, 
the apparent place of the r in the circle of bn! is 9o behind thac of 


the ſun. 
511. As a ſmall. part of the heavens may be conceived to be a Ran per- 


pendicular to a line joining the ſtar and eye, it follows from the principles of 


orthographic projection, that the cirele parallel to the ecliptic deſcribed by the 
apparent place of the ſtar projected upon this plane will be an ellipſe; the ap- 
parent path of the ſtar in the heavens will therefore be an ellipſe, and the major 
axis will be to the minor as radius to the fine of the ſtar's latitude. For let 
CE be the plane of the ecliptic, P it's pole, PE a ſecondary to it, PC per- 
pendicular to EC, C the place of the eye, and let 46 be parallel to CE, then it 
will be that diameter of the circle anbm of aberration which is ſeen moſt obliquely, 
and conſequently that diameter which is projected into the minor axis of the 
ellipſe; let un be perpendicular to ab, and it will be ſeen directly, being per- 


pendicular to a line draun from it to the eye, and therefore will be the major 


axis ;. draw Ca, Chd, and ad is the projection of ab; and as ad may be con- 
ſidered as a ſtraight line, we have un, or ab, the major axis: ad the minor :: 
rad. : fin. abd, or E Cd the ſtar's latitude. As the angle had is the comple- 


ment of abd, or of the ſtar's latitude, the circle is projected upon a plane 


anking an angle witli it equal to the complement of the ſtar's latitude. 

512. As the minor axis da coincides with a ſecondary to the ecliptic, it 
mot be perpendicular to it, and the major axis m# is parallel to it, it's poſi- 
tion not being altered by projection. Hence in the . of the ecliptic, the 

ſine 
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.ON TAE ABERRATION OF EIGHT 


ſine of the ſtar*s'latitude 'being radius, the ellipſe becomes A cirète; and in the 
plane of the ecliptie; the ſine of the ſtar's latitude being go, the minor axis 
vaniſhes, and che ellipſe becomęs a ſtraighe r e N very ſmall Ry & 
a circular arma. en S119 Dri & * 1371 
513. To find the aberration in /atitnde' * Vongitude: Let ABCD be the 
earth's orbit ſuppoſed to be a circle with the ſun in the center at x, and con- 
ceive P to be in a line drawn from x perpendicular to A5 CD, and to repreſent 
the pole of the ecliptic; let S be the true place of the ſtar, and conceive apc 
to be the circle of aberration parallel to the ecliptic,- and abcd the ellipſe into 
which it is projected; let ꝙ F be an arc of the ecliptic, and draw the ſecondary 
PSG to it, and (511) it will coincide with the minor axis 3d into which the 
diameter pq is projected; draw G Cd, and it 51 1) is parallel to , and B 
perpendicular to it muſt be parallel to the major axis ac; then when the earth is 
at J, the ſtar is in conjunction, and in oppoſition when the earth is at C. 
Now as the place of the ſtar in the circle of aberration is (510) always 906? 
before the earth in it's orbit, when the earth is at A, B, C, D the apparent 
places of the ſtar in the circle will be at «, P, c, q, or in the. ellipſe; at a, b, od; 
and to find the place of the ſtar in che circle when the earth is at any point E, 
take the angle pSs = ExB, and s will be the correſponding place of the ftar 
in the circle; and to find the projected place in the ellipſe, draw sv perpendi- 
cular to Sc, and vr perpendicular to Sc. in the plane of the ellipſe, and will 
be the apparent place of the ſtar in the ellipſe; join 8 and it will be perpen- 
dicular to vt, becauſe the projection of the circle into the ellipfe is in lines 
perpendicular to the ellipſe; draw the ſecondary Pot K, which will, as to ſenſe; 
coincide with vr, unleſs the ſtar be very near to the pole of the ecliptic; there- 
fore the rules here given will be ſufficiently accurate, except in that Eaſe, 
Now as v is parallel to the ecliptic. & and v muſt have the ſame latitude, 
hence vt is the aberration in latitude; and as G 1s the true, and K the apparent 
place of the ſtar in the ecliptic, GK is the aberration in longitude. To find 
theſe quantities, put mand z for the fine and coſine of the angle 5Sr, or CxE 
the earth's diſtance from ſyzygies, radius being unity; and as (511) the angle 
gti the complement of the ſtar's latitude, the angle vs: S the ſtar's latitude, 
for the ſine and coſine of which put v and ww, and put r Sa or Ss; then in 


the right angled triangle S5v, 1:m::r:5v=rm; hence in the triangle vis; 
1: U:: rm: U = rum the aberration in /atitude. Alſo in the triangle Sg, 


WF 23029 IST N 


: 771 y . o 
1: 1 :: 1: vs u, hence W (13): 1 :: : GK = 3 the aberration in Jou- 


gitude. When the earth is in {yzygies So, therefore there is no aberration in 
latitude; and, as # is then greateſt, there is the greateſt aberration in longitude; 
if the earth be at 4, or the ſtar in conjunction, the apparent place of the ſtar 
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ON TEE ABERRATION OF LIGHT. 


is 9 to the ecliptic at H. therefore G is the aberration, which 
duniniſhes the longitude of the ftar, the order of the ſigns being Y GT ; but 
when the earth is at C, or the ſtar in oppoſition, che apparent place c reduced to the 
ecliptic is at F, and the aberration GF increaſes the longitude; hence the longi - 
tude is the greateſt when the ſtar is in oppoſition, and leaſt when in conjunction. 
When the earth is in quadratures at D or B, then # o, and m is greateſt, 
therefore there is no aberrat ion in longitude, but the greateſt in latitude; when 
the earth is at D, the apparent place of the ſtar is at 4 and the latitude is there 
increaſed; but when the earth is at B tlie apparent place of the ſtar is at 5 
and the latitude is diminiſhed ; hence the latitude is leaſt in quadratures before 
oppoſition, and greateſt in quadratures after. From the mean of a great 
number of obſervations, Dr. Bxadtar determined the value of 7 to be 20”. 


N Ex. 1 i What is the greateſt aberration in latitude and longitude of » Urſe 
minoris, whoſe. latitude is 75. 13 Here m=1, v = ,9669 the fine of 75. 13%; 
hence -20/'!x 9669 S 19534 che 3 aberration in _— For the 


A; 
2 Self” 8523513 2 e 


12 * 


14 F. 3 


greateſt abetration'i in e 32 , 7 = = 78" 4 the 


rend aberration in ns" 
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Th 2:1 

tif 2.1 | What 1 4550 ee in lafitode-and 4 . of che a 8 
mh the earth is 30* from {yzygies?-» Here m =, 5; hence 19,34 x/;5=9',67 
the aberration in latitude. If the earth be 300 beyond conjunction or before 
oppoſition, the latitude id diminiſhed; but if it be 30% after oppoſition or 
before conjunction the latitude is increaſed. Alſo # , 866; hence 78",4 


866 = 67";89the-aberration:in longitude.” If the eartſ be 307 from Ae. 


tion, 5 hm ror is ee eee W it be JD . erte it is 


' 4 by T - 
11 5 C 45 © 


N. 3. Forighs Sai m O n =1,w=1; mad has no aberration 
in latitude, and the aberration in longitude = r= 20” conſtantly. . This 
quantity 29” of aberration of the ſun anſwers to it's mean motion in 8“. 7“. 30, 
which is therefore the time the light is moving from the ſun to us at it's mean 
diſtance. Hence the fun always appears 20” backwarder than it's true place. 


The following Taz will render the calculations ſhorter. 


The 
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The Argument for the Longitude is, Long. Sun Long. Star. The Argu- 
ment for the Latitude is, Long. Sun — * Star — 3 Signs. 
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ON THE ABERRATION OF LIGHT. 


To find the aberration in _ a multiply the quantities taken from 


this Table by 25 of the ſtars latitude. 


Ex. Let the longitude of the ſun be 7*. 5*. 18', the longitude of a ſtar 


5*. 18. 14', and it's latitude 31*. 10 


4% i618 
5. 18. 14 
1. % ͥͤĩ⁰ !!. IF 
„ ß 
Aberration in Longitude . 15, 92 Product. 


| | 1. 177. 432 10ʃ. 17%. 4. — 14,65 
i | „„ . „Fo 


Aberration in Latitude . . . — 7,58 Product. 


514. When the earth is at A, the ſtar is in conjunction, and it's apparent 
place at a; therefore the angle Ax E deſcribed by the earth from conjunction, 
or the angle 5Sa, ſhows the elongation of the ſtar from the ſun. 


To find the aberration in Right Aſcenſion and Declination, we ſhall, in part, 
follow the method given by M. CAN OL I in his Trigonometry, as being the 
moſt convenient for practice, and from which M. de LamBre has computed 
a ſet of Tables, by which the aberration may, at any time, be very readily found. 

Fa. 515. To find the aberration in Declination. Let abcd be the ellipſe of aber- 

112. ration, and P the pole of the ecliptic, as deſcribed in the laſt figure; on the 
major axis ac deſcribe the circle apcq, which we will now ſuppoſe to lie in the 
plane of the ellipſe, and then every point of this circle will be projected into 
the ſame point of the ellipſe as before ; let R be the pole of the equator, and 
perpendicular to RS draw the diameter MN of the ellipſe ; alſo draw BMC, 
N perpendicular to ac, and Y'B will be the correſponding diameter of the 
circle; draw FS perpendicular to BY, F perpendicular to ac, and 
9H perpendicular to MS; from any point & let fall X perpendicular to ac; 
draw X z, 5t, perpendicular to BY and MN reſpectively, and sv an ordinate 
to the diameter MN, 


Ld 


516. As 


ON THE ABERRATION OF LIGHT, 


516. As the point F of the circle lies at the diſtance of go* from the dia- 
meter BY, the diameter FSF will be projected into a diameter Wr which will 
be conjugate to MSN, and therefore a tangent at & is parallel to MN; hence 
9H is the greateſt perpendicular on MN, and conſequently it is the greateft 
aberration in declination ; for as MN is the projection of BY, which 1s per- 
pendicular to the circle of declination RS, there can be no aberration in MN; 
alſo t is the aberration in declination at any point s. Now when the apparent 
place of the ſtar is at a, the ſtar is (513) then in conjunction; and as the 
motion of the ſun is (510) equal to the motion of the ſtar in the circle apcg, 
whilſt the ſtar moves from s to & in the ellipſe, it's motion in the circle would 
be XF, which therefore repreſents the ſun's motion in the ſame time, or the 
motion from the time when the ſtar is at s to the time when the aberration in 
declination is the greateſt. Alſo (514) the arc Fa ſhows the elongation of the 


ſtar from the ſun when the ſtar - appears at A. and Xa the elongation when 


. at 5. 
517. When the ſtar is at s, 57 is the aberration in declination ; and as the 


poſition of 57 to s$v 1s conſtant, 5 varies as v] but 5 is the projection of Xx, 
and therefore in a given ratio to it; hence t varies as X'z the fine of XY, or 
coſine of XF; that is, the aberration in declination at any time is as the coſine 
of the ſun's diſtance from the point where it was when the aberration in decli- 
nation was the greateſt. 


To find WMH, we have, by the property of the ellipſe, 2H x $M= Sd x 
. Sd BS CM _ we Sd] CMxBS 


Sc; hence Jg = FAT a7 x pg = (becauſe py = — SB) SM x CB 
CM CB fin. MS 
= 717 divided by 1 = = >=; conſequently Mc : fin, MSa : fin. 
20“ x ſin. PSR 
BSa :: fin. PSR: cos. F. Sa, hence H = A EE the greateſt aber- 


ration in declination. 

518. Let P be the pole of the equator EVN, O the pole of the ecliptic 
CEV, $ the place of the ſtar, PSAM a circle of declination, OSL a circle 
of latitude ; then L has the ſame longitude as the ſtar, and therefore (513) it 
marks the place of the fun when the aberration in latitude is nothing. Draw 
the circle STR perpendicular to PSA, and T will be the place of the ſun 
when the aberration in declination is the greateſt; for by Conics, NM: WY 
: SG: $p :: (511) fin. ſtar's lat.: rad. alſo VV: WY: :: tan. NSW, or PSR, 
: tan. 7SF, or cot. F'Sa; hence fin. ſtar's lat.: rad. :: tan. PSR: cot. FSa. 
But fin. SL (the ſtar's lat.]: rad. :: cot. TSL, or a LSM, : cot. TL; hence 
the three firſt terms in theſe two laſt proportions being reſpectively equal, the 


S 82 arc. 


FIG. 
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aro af (Fig. 112)=TL (Fig. 113); and as F repreſents the motion of the ſun 
from the time when the aberration in declination is the greateſt to conjunction, 
and L repreſents the place of the fun at conjunction, 7 muſt be the place at 
the greateſt aberration. Hence, by the laſt Article, the greatelt aberration in de- 


clination = I — But in the triangle STL, cos. TSL, or fin. 
2 008LT 


MSL, =fin. LTS x cos. LT; hence the greateſt cbeiration in deckiation be- 
comes 20” x fin. LTS. Allo in the triangle ETR, fin. E TR, or fin. LTS, 


= - 2 = only = {becauſe the meaſure of ERT i is AS, and AE is the 


cos. AE x fin. SA 
complement of ER) - ET. 
ration in dechnation = 20” x cos. right aſcenſion x fin, dec. divided by the. 
fin. of the ſun's longitude at the time when the aberration is greateſt ſubtrac- 
tive. Therefore, as the aberration at any other time is (517) as the coſine 
of the ſun's diſtance from that place where it was when the aberration was 
the greateſt, if L be the ſun's longitude at the time of the greateſt aberration 
in declination ſubtractive, S it's longitude at any other time, 4 the ſun's right 


Hence we get the greateſt aber- 


aſcenſion, D it's declination, O the obliquity of the ecliptic, the aberration at 


— 20“ x cos. A x fin. D x cos. L 


that time = | 2 — — 
20. cos. A x fin. D cos. LX cos. S + fin. L x fin. I = (brcaul cos. L 
fin. L „ © YR, 8 


S cot. L) - 20” x cos. A x ſin. D x cot. L x cos. S 20% x cos. A x ſin. D 
x fin. S. But (MAupurr's Trigonometry; or CRAKELT'S Tranſlation) cot. 


ET, or cot. L = — Dr + cos. E x cot. ER = (becauſe cot. 


cot. D x ſin. O 1 
ER = - tan. 4) - 2 — — — cos. O x tan. A; hence the aberration in 


declination becomes 20% x fin. D x cos. Fx cot. D x fin. O + 20” x cos. 
A x fin. D x cos. & x cos. O x tan: A= 20” x cos: A x fin. D x ſin. S = (be- 
cauſe fin. D x cot. D = cos. D, and cos. A x tan. A = fin. 4) — 20” x fin. O x 
cos. D x cos. S + 20” x cos. O x fin. A x fin D x cos. S- 20“ x cos. A * 
fin. D x fin. S = — 20” x fin. O x cos. D x cos S — 20 x fin. D * 


cos. A x in. $ — cos. O x fin. A x cos. S. For ſouth declination we muſt 


change the f the ſigns. But by Trigonometry, cos. D x cos. S cos. $ + D + 


2 cos. $— B, and cos. A x fin. S ; ſin. IJ: fin. TF, alſo fin. A * 


cos. S : fin. A + A+8$S + 2 fin. 4— J-; hence the aberration in Declination = 
7 7" a 10. 
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+10” x 1 + cos. O x fin, A= & x fin. D +19 7. A—S x fin, D 
—10” x = cos. Oxfin. AT „ ſin. DI. - ©, 83 x fin; x ſin. D 


— 10“ x ſin. O x cos. S— D | Iy 3, 98 x cos. S- D 
—10” x ſin, O x cos. $S + . . — 3, 98 x cos. S+D. 


The two laſt terms muſt have their ſigns changed, when the declination is 


ſouth. | 
519. To find the ſun's place when the aberration is the greateſt, we have 


in the triangle LST, fin. SL.: rad. :: cot. TSL : cot. TL ; therefore knowing 
the longitude of the ſtar, or of the point L, the longitude of T the place of 
the ſun is known. Hence we find the ſun's longitude when the aberration is 


greateſt ſubtractive. 
520. To find the aberration in Right Aſcenſion. Let S be the true place of 


the ſtar, abcd the ellipſe of aberration, apcq the circumſcribing circle, P the 
pole of the ecliptic and R that of the equator, and let MSN be a conjugate 
diameter to ASB; draw FNC, DAY perpendicular to ca, join FS, draw CSK 


which muſt be perpendicular to VS, and draw M@ perpendicular to AB ; alſo 


from any point & draw perpendicular to ca, and Q, v perpendicular 
to SY, $A reſpectively, and sr an ordinate to the diameter 4B. Now it is 
manifeſt that A is the apparent place of the ſtar when the aberration in right 
aſcenſion is nothing, and M when it is greateſt, becauſe a tangent at M is 
parallel to AB. By the property of the elliple, MG x AS= d x cs, therefore 


AS: ee or SP :: ds: MG, hence 27 2 4s: MG; but AD : ds: 


| D : 5 
VD : $4, therefore 72 : = + Sq : MG, that is, the fine of Va: the ſine 


of ASa, or cos. PSR, :: 20“: MG = [0 et Fe! the greateſt aberration 
in right aſcenſion. If the ſtar be at any other point 5, then 5 is the aberration 
in right aſcenſion ; but sv is in a given ratio to gr, and 5sr is in a given ratio 
to , becauſe QT 1s projected into r; hence sv varies as QT the ſine of 
A, or coſine of K the diſtance of the ſun from that point where it was 
when the aberration was greateſt. Now tan. ASD, or cot. PSR: tan. VSa :: 
(AD: VD: :) ſin. ftar's lat.: rad. (511) ; but tan. ML : tang. MSL :: fin. 
ſtar's lat.: rad. hence, as PSR = MSL, the tang. YSa x tan. LM is conſtant, 
therefore LM is the complement of FSa; hence LM = Ka th eelongation 
of the ſun from the ſtar when the aberration is greateſt ; therefore M is 
the place of the ſun at that time; the longitude of which put = L at the 


time when the aberration is greateſt ſubtractive. Hence the greateſt aber- 
a ration 
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ſion at any other time = - 
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ration in right aſcenſion = — . =, This is the aberration at the 


. MSL 
ſtar, and therefore reduced to the equator it (13) becomes 2 22 cos.S2 * 


os. MSL __ fin. AE 11 
But cs L = bn. MET ME In-. 


ration ſubtractive becomes = — 75 hence the aberration in right aſcen- 


— 20” x fin. A x cos. L- 7 — 20“ x ſin. 4 
"cos. D x fin. I. * oe D>iL 


* cos. * cos. & I fin. L x fin. $S = 
—20” x ſin. A x cot. L x cos. S- 20“ x fin. A x fin. & 


therefore the greateſt aber- 


5 — = (becauſe cot. L = cos. 
cos. 
— 20 ' x-ſin. A & cos. S x cos. O x cot. A—20” x fin. A x ſin $ 
O x cot. A) — — 
cos. D 
— 20” x cos. O x cos. & x cos. A= 20” x fin. A x ſin. & f 
= — 25 —— . Now if we aug- 


ment 4 by 9oꝰ, or 3 ſigns, the numerator of this fraction becomes the ſame 
as the coefficient of fin. D in the aberration of declination, becauſe the fin. 4 


= cos. A + 35, and cos. A = fin. A+3s. But to reduce this further, we have 
cos. A x cos. S = 5 cos. A+B +: cos. A—B, and fin. A x fin. $ = cos. 
I F- : cos. A+B; hence the aberration in Right Aſcenſion = — 

10” x 1 + cos. O * cos. A—$— 10” * 1 — cos. Q x cos. Ars | 
5 cos. D To 


19”,17 * cos. A S- 0,83 * cos. . I ſec. D 


521. As M (520) is the place of the fun when the aberration in right 
aſcenſion is the greateſt, we have cos. AEM : tan. AE the ſtar's right aſcen- 
fion :: rad. : tan. EM the ſun's longitude. Hence we can find the ſun's 
longitude when the aberration is great=ſt ſubtractive. 


* 


522. From theſe expreſſions for the aberration in right aſcenſion and decli- 
nation, M. de LamsBRE has computed the following TABLES, by which the 
aberration of a ſtar at any time may be very readily found. | 


GENERAL 


GENERAL TABLES FOR THE ABERRATION OF THE FIXED STARS. 


TABLE I. Arg. A- C. | 


aps II. Arg A+S. rau. In. Arg. $+D& $— D 


8O. vii. vn. 
D +|- + 
ol19”,17 | 16”,60 
1] 19,17 | 16,43 
2] 19,16 | 16,26 
319,15 | 16,08 
4] 19,13 | 15,59 
5| 19,10 | I5,71 
6] 19,07 15,51 
{| 19403 | £3537 
8| 18,99 | 15,11. 
918,94 14,90 
100 18,88 | 14,09 
11] 16,02 | 14,47 
[2] 16,75 | 14,25 
13] 18,68 | 14,02 
14| 18,60 | 13,79 
15 18,52 | 13,50 
16] 18,43 | 13,32 
17] 18,33 | 13,08 
18] 18,23 | 12,03 
I9] 18,13 | 12,58 
200 18,02 | 12,32 
[21] 17,90 | 12,07 
22| 17,78 | 11,60 
23] 17,05 | 11,54 
24| 17,52 | 11,27 
25 17,38 | 11,00 
26| 17,23 | 10,72 
27] 17,08 | 10,44 
28 10,93 | 10,16 
29] 16,77 | 9597 
130] 16,60 | 9,59 
Wl +{- + 
XI . x. IV. 


1 2 
i PAST 
H. vs s ſo. vi. 
— + |D|ID]+ — 
9,59 30 * 0,83 
9,30 [291 0,83 
9,00 280 2] 0,82 | 
8,70 27 3] 0,82 
8,40 [26]] 4| 0,82 
8,10 |25]] 5| 0,82 
7,80 240 6 0,82 
7.49 2307,82 
7,19 220 8] 0,82 
6,87 |21]] 9 0,82 
6,50 [2oſ|[10] 0,82 - 
6,24 |19||11] 0,82 
5,93 18012] 0,82 
5,01 [I7]|13] 0,81 
5,28 16014] 0,81 
4,96 [15015] 0,80 
4,64 1416 0,80 
4.31 130170, 80 
3-99 12180 0,79 
3,66 110019 0,78 
3,33 1020] 0,78 
3,00 9/210 0,77 
2,67 822] 0,76 
2,34 | 723 0, 70 
2,00 624 0,75 
| 1,67 | 51125] 9,75 
1,34 | 4/260 0,75 
1,00 | 31/27] 0,74 
0,67 228] 0,73 
0,33 | 1]]29] 0,72 
0,00 | og 0,72 
— +|D||D] +. - 
IX. III. S | S 


I. VII. 


II. VIII S 
+ — ID 
o”",41 30 
0,40 [29 
0,39 |28 
0,38 27 
0,37 26 
83 
5 
0,32 23 
O, 30 022 
0,29 21 
0,28 [20 
0,27 [19]; 
O, 25 18 
0,24 17 
6,23 16 
0,22 [15 
0,20 14 
O,19 13 
O, 17 12 
O,15 [11 
0,14 10 
9,129 
5,11 1} 9 
0,101 7 
0,09 | © 
. 
0,00 | 4 
Q,05 1.3 
, 2 
GOT 11 
0,00 | © 
+ — ID 
IX. III. S 


| So 8 — » 8 MN 


O © COR Q\ 


O. VI. 


— — — 


4 


3",98 
3,98 
3,98 
3,98 
3,97 
3,97 


3,96 


— 


395 | 


1 VIL)IL. vin 
_ 4 Þ 
3,45 1”,99 
342 | 1393 
3,38 | 1,87 
3,34 1,81 
3939 125 
3,26 | 1,68 
3,22: | 1,02 
$319] 1,50 
3514 1,49 
1 td 
3,05 1,36 
3,011, 30 
297123 
914517 
2-07 | 1,10 
2,92 | 1,03 
3 
2,72 | 0,90 
2,670, 83 
2,620, 76 
2,56 | 0,69 
2,51 {| 0,63 
2,40 | 0,56 
2,40 0,49 
2,34 | 0,42 
2,28 | 0,35 
2,23 |}. 0,28 
$191. 021 
2,11 O,14 
2,05 | 0,07 
1,99 | 0,00 
V 
X. IV. IX III. 
| | _ 
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USE OF THE TABLES. 


A = the right aſcenſion 
D the declination of the ſtar 


S = the longitude of the ſun. 


Enter Table I. with the argument 4-8, and Table II. with A+ &, and 
the ſum of the two correſponding numbers a by the ſecant of D will 
be the aberration in Right Aſcenſion. 


Enter Table I. with the argument 4 - $ + 3 figns, and Table II. with 
A＋S＋z figns, and the ſum of the two correſponding numbers multiplied 
by the fine of D will be the firſt part of the aberration in declination. 


Enter Table III. with the arguments S$+D and S- D, and you will have 
two other parts of the aberration in declination; and the ſum of theſe three 
parts will give the whole aberration in Declination. 


If the e of the ſtar be ſouth, add fix ſigus to S D and & — 


Ex. To find the aberration of « Aquilz, on May 10, 1795, at 12 o'clock 
in the evening. 


A9 $5*. 17 
5 2 1. $0: 12 


—_—_— 


A-8S=8. 5. C PEARS oof 
A+8$8=11. 15. 24 Table II. ö 


* 


Da. eat "I; rr 


— 


Aberration in Right Aſcenſion . . . . . + 8, 998 Product. 
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A- Sz ſigns . . 115. 5*, © Table I. - 17,38 
A+8+3 ſigns. 2. 15, 24 Table II. + o, 21 


by | 27557 
D =o. 89. 20” ſine * 0 . * 2 OS 00 | . . ©, I45 
S = I, 20. 12 


— — =O — 2,49 Product. 
8 ＋ D — i 285. 32 Table III. . * . I. — 2, 08 
SD rf. 14. 52 Table III. . — 2,97 


If the ſtar's declination had been ſouth, then 


$ + D + 6 figns = 7. 28*. 32“ Table III. + 2,08 
S — TAILS 11. Lo Table III. . + 2,97 
Firſt Part . . . 2 „ * 8 oY 2: * 141 SEE ty #9 


— - 


+a S + * = = a. a AE. 


Aberration in Declination « « « « + » + 2, 56 


*% - " Fd * n 1 * * * 1 t N 2 2 N 7 
* 5 5 0 5 = — — G 
1 
9 4 » F « 7 5 = : - ; * — : - - N 2 p * 
* 4 -_— , ” * 7 & 1 * - — „% * 
5 7 . ** — * * 
The aberration of a ſtar applied to it's a lace gives the true 
* — | : - = A PP * — * P 2 P . P * at — 
. L e Es 
2 2 * 
. l ; | - 1 1 | Ry ; / 
= w 1 * 5 as 1 Aa FY 7 * $ 3 1 4 MN * * * 
4 4 * 0 s * » & 3 p c "= i & & +. * 4 + # 5 SO 4 — 
. 


£23. The following Rules for finding the aberration of a ftar are given by 
Dr.  MASKELYNE. 


7 ' | % 
- FY - * 93 ©, * 0 


_  # . * A 33 . 


Fe or he Aberratiq len mn A ti 


27191 


COLL LS if, 
n lat. a 5 : 20” M. or matimumn 
Aberration is o tending to exceſs when the ſun's longitude is 3* greater than 
that of the ſtar; or the e of aberration 1 is = the Fun $ Long. = — 2 2 8 


. # „ — 18 N 2? 
long. 6 35 © SH » tf 194 — — — 3 * - * 44 4 . * 5 
— * 91 1 6. + Þ © 4 5 = * * * 7 1 
41 f 5 241 , ; + 4 © ; . 4 $ * 113155 
©1431) FY | _ 1 4 Lb +  f 4? 512111. L 2„ 0 1 11091 $7 14 iv 105 51 | els 4 


— 


F or the 1 in Latitude. 


Rad. : fin, lat, :: : M, or maximum. 
Aberration is © tending to * Nh the ſun's longitude is oppoſite that 
of the ſtar or the argument is always the ſun's long. the ſtar's long, = 6, 


T r 1 5 For 


2 7 mate 
. —  — CO 
— Ü—u² ere 


3 Sera ů ws. ns — on. res * ee A ae 
- 


— Fro ran. a 
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For the Aberration in Right, Aſcenſion. 


Sin. lat.: rad. :: cot. P, or 4 poſition, : tan. Z. 
Cos. declin. x fin. Z : cos. P x rad. :: 20“: M. 


If the ſtar be in 1* or laſt quad. of long. with N. lat.) Z added to the ſtar's 
dor in 21 or 3* quad. of long. with S. lat. long. gives ©. 


Z taken from the 
t oppoſite to the ſtar's. 
long. gives ©. 


If the ſtar be in 1“ or laſt quad. of long. with S. lat 
or in 20 or 3 quad. of long. with N. lat. 


N. B. Ois the ſun's longitude when the aberration is o tending to exceſs. 
oO DEG önnen, © 1858 * 


For the Aberration in North polar diſtance. 


Din. ſtar's lat.: rad. :: tan. P: tan. E 
Sin. Z: fin. P:: 20“: M. 


it the ſtar be in 15 or laſt quad: of long. with N. lat. : ſtar's long. = Z. 
— — z or 3. quad. of long. with N. lat. ſtar's long. + Z. 


m——— 2*-0r 3% quad. of long. with S. lat. fob. ſtar's long. — Z. 
— — or laſt quad. of long. with S. lat. Cop. ſtar's long. Z. 


N. B. If C of poſition,.or P, be obtuſe, for E uſe it een to 1805. 


© thus found ſubtracted from the ſun's longitude at any time gives ; the 
argument of aberration, whoſe fige multiplied into the maximum gives the 
aberration itſelf; and if the argument be under fix bes the aberration i is po- 
ſitive, if 10 ſix Wee it is nn pF} 


* 
N 5 * - i 
iy! | # F' > 7 1 j 
3 3 ITS 4 * 8929 


524. Dr. Bu Ap LET has ſhown the . a bs 7 wih obſer- 
vation, which we ſhall here RY * for the a of the reader. 


WH 
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eee Ps pg Ray FF oh 
Draconis. 25 5 7 8875 7 

in : x, 
1727 D. Ts VS» 1728 D i 


Oct. 20 4 4,5 March 2437“ 387 1 
Nov. 17 A 12 [April 6 36 36,5 
Dec. 617,5 | 18,5 [May 628,5 2955 
| 2.8 25 26 [une 5 18,520 

1728 i 15 1775 '& F 
Jan. 2434 | 34 ||July - 3] 11,5 | 11,5 
Feb. .10| 38 | 37 [Auguſt 2] 4 | 4 
p -ETEOT” 


. - "thy 


— —— 


disku- TEL: n Urſe maj. 2 FS e 

= | cas Wh © * 0 * RIS *-..r 

ö F & F E ＋ 8 775 Ty ; 

Py [£727 v. & Src: e e Bf 
101 0 aue + bn; 

-* 4.793974 OR; -2> 161 | 

bed Nov. 1411, 2 
; Dec. 14 ' | 
| Feb. 17 
e 21] 11. 
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Dr. BRA DLE further obſerves, that in above 70 obſervations made in a year 


on y Draconis, there was but one (and that is noted very dubious on account 


of clouds) which differed more than 2“ from the theory, and that did not 
differ 3“% And in about 50 obſervations made i in a year on Uyſæ majoris, 


he did not find a difference of 2”, except in one marked doubtful on account 


of the undulation of the air, &c. and that did not differ 30. This agreement 
between the theory and obſervation leaves no room to doubt but that the 
cauſe is rightly affigned. And if this be the caſe, the annual parallax of the 
fixed ſtars muſt be extremely ſmall. 4 I believe, ſays the Dx. that I may 
venture to ſay that in either of the above-mentioned ſtars, it does not amoutit 
to 2”. I believe if it were 1” I ſhould have perceived it in the great number of 
obſervations that I made, eſpecially on y Draconis; which agreeing with the 
theory (without allowing any thing for parallax) nearly as well in conjunction 
with, as in oppoſition to this ſtar, it ſeems very probable that the parallax is 

T T & not 
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ON' THE ABERRATION OF LIGHT 


not ſo great as one fingle ſeeond-; and. conſequently that it is above 400000 
times further from us than the ſun.“ The obſervations of Mr FLamsTEAD 


of the different diſtances of the pole ſtar from the pole at different times of the 
year, and which was looked upon as a proof of it's annual parallax, was un. 
nnn owing to this cauſe. For he concluded that the ſtar was 35”, 40” 
or 45” nearer the pole in December than in May or July; and according to 
this hypotheſis, it ought to appear 40“ nearer in December than in June. 
This agreement is greater than could have been TOE from obſervations 


m—_ with his inſtrument. 


Hence Dr. BRA LEX deduced the lbb wing concluſions. 1. That 


the light of all the fixed ſtars arrives at the earth with equal velocities; for 
the major axis of the ellipſe is the ſame in all the ſtars, that is 40“ according 
to his laſt determination. 2. That unleſs their diſtances from us are all equal, 


which is very improbable, their lights are propagated uni iformly to all diſtances 


from them. 3. That light moves. from the ſun to the earth in 8“. % 5, and 
it's velocity i is to the velocity of the earth in it's orbit as 1og 14: 1. 4. That 
the time thus determined can ſcarce etr from the truth by above 5“ or 10” at 
moſt, which is ſuch a degree of exactneſs as can never be expected from the 

eclipſes of Jupiters ſatellites. 5. That as. this velocity of ar light comes out 
about a mean of the ſeveral ener found from the eclipſes of Jupiter's ſa- 
tellites, we may reafonably conclude that the velocities of theſe reflected lights 
are equal to the velocity of dire& light, 6. And as it is highly probable that 
the velocity of the'ſun's emitted light) i is equal to that of ſtar light, it follows 
that i it's velocity 1 not akered wel reflection 3 into the ſame medium. 


E99 


lt bet "Our the Aberration. of Light in the Planets; 


xa 10 Hbe "he * 7 che earth; P the . place of the planer, 
and let us ſuppoſe Ts to be the direction in which the earth is moving, parallel 
to which draw P, and whilſt light moves from P to 7 let Pg, be equal to 
the ſpace through which the earth has. moved, and (504 2,1 1s the apparent 
place of the planet. No let Pg be the motion of the planet in the fame time, 
then Q being tlie apparent and the correfponding true place, the angle 22 7 
is the! aberration ariſing. from the progreſſive motion of light and the motion 
of the planet. As PN. Pp repreſent the motions of the earth and planet, Q p 


repreſents: their-relative motions hence the motion of the planet about the earth 


in the time in which light comes from the planet to the earth is the aberration. 
Let ST'= 1, Pg d, m= the angle deſcribed by the planet about the earth, 


or 6 motion, either in latitude, nun right aſcenſion, or decli- 


nation, 


if, » 2 - 
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ON THE ABERRATION OP LIGHT. 


nation, in 24 hours; then 1: &:: 8. % 5: 8“. 7", d the time light is 
moving from P to 7; conſequently 24h. : 8'. /, 5 d :: : the aberration = 


8 = o, oo 564 dm. Thus we find the aberration of a planet either 


in latitude, longitude, right aſcenſion or declination. The geocentric motion 
may be taken from the Nautical Almanac, and the diſtance need not be calcu- 
lated to any very great degree of accuracy. We may alſo further obſerve, that 
when m o, or the planet is ſtationary, the aberration becomes equal to 


nothing. 


Ex. 1. On May 1, 1791, at noon, what is the aberration in — 
of Mars ? 
Here SP = 1,5237 the mean diſtance, the longitude of the ſun is 15. 11, 
_ the HonCemtric longitude of Mars is O'. _ 19'; hence the angle PTS = 
. 41, and conſequently PT = 2, 489 = d; allo m = 44. 50! = 2699” 
— the Nautical Almanac; hence o, oo 564 dm = 37'5 the aberration in 


longitude. 


Ex. 2. For the Moon, d = 0,002 53 the mean diſtance, m = 13®. 10'. 35” 
= 47435” the mean diurnal motion; hence o, oo 564 dm o, 67 the aberra- 
tion, which is ſo ſmall that it may be neglected. 


527. Dr. MASXELYNE obſerves, that ſince a planet, as affected by aberra- 
tion, appears in the place where it ſhould have appeared at the inſtant of the 
emiſſion of it's light, excluſive of this cauſe of error, it follows that the moſt 


ſimple as well as the moſt elegant method of computing the apparent geocentric 


place of a planet, is to compute it's geocentric place by the common rules for 
that inftant which precedes the given time by the interval of time taken up 
by light to move from the planet to the earth. For this purpoſe the diſtance 
of the planet need not be computed very accurately, and then the time may 
be found by Table XXIV. at the end of this Volume. The ſun's longitude 
muſt be computed with the epoch of it's mean longitude advanced by 20”, 
becauſe it always appears ſo much too backward in the ecliptic by aberration, 
and the Tables have been conſtrued without making any correction on this 
account, and conſequently they ſhow the epoch of the mean longitude 20” 

too little. 

528. If we ſuppoſe the planet and earth to deſcribe circles which lie in the 
ſame plane, which will make no ſenſible difference, then if in 77 produced 
we take ET = P, and draw Pa parallel to pT, the angle EPa = 72 
the aberration; draw alſo 7 ur 8 to Pp. By Art. 506. the angle TPE 


= vt; 


33 


4 


| 1 Ea=TK x: 


cos. SPF 
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ſin, ErT 
bn. T In; 


ſia. ErT fin. Eri 
IF” x Tu, conſequently TE : Ea = TE + : og tl 


* Tu :: angle TPE : angle EPa :: ſin. Ex 20” : angle EPa g ſin. E x 20“ 


2 ZE «is; 20”; but 7E: Tu :: velocity of the earth: velocity of the 


planet :: S: V. t alſo fin. E, or PTt, = cos. 8TP, and fin. Er, or EPp 


— ſin. E x 20”; alſo ſin. E: ſin. Er- 77: TE :: Tu: "Ps = 


= cos. SPE, or SPT; hence by ſubſtitution, the angle EPA = cos. STP x 


: SP 
20“ D * 20 the aberration in longitude, The firſt term cos, STP 


* 


x 20”, or fin, E x 20”, is (506) the aberration for a fixed ſtar ; hence the 
other term, -or the aberration which ariſes from the motion of the body, varies 
as the cofine of the angle at the body between the ſun and earth directly, and 
as the ſquare root of the diſtance of the body from the ſun inverſely. The 


_ #irſt part is common to all the planets, the elongation being given. If we take 


the ſum of the aberrations when the planet is in conjunction and oppoſition, 
the laſt part will be deſtroyed by the oppoſition of it's figns, and as the cos. 
87 in each caſe = 1, the ſum of the two aberrations is always = 40”. 

529. When p coincides with &, or when a line joining the earth and planet 
continues parallel to itſelf, there is no aberration ; this therefore happens when 
the planet is ſtationary. In this caſe (putting à = SP), cos. STP x 20” — 


= x 20" =O, 0r.@ x cos. STP* = cos. P., or a x r —fin, p. = 


Va 
1 fin. SPT but 4: 1 :: fin. ST; fin. SPF = — px 2. which ſublirmred 


a* — a® 
for fin. SP? in the laſt equation, by reduction gives fin, S TP NA 


431 


the ſame as in Art. 313. 


This is not accurately true, becauſe a is not wwigly me to E. but fuficiendly ſo for 
all practical purpoſes, as the angle EPT is very ſmall. 
+ This will appear when we treat on the Phyſical Principles of Aſtronomy. 


* ew, 


% 
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530. M. de la Lanp has calculated the following TABLE, ſhowing what 


we muſt apply to the true place of a planet in longitude to find the apparent 
place, in which the quantities are to be applied according to their ſigns. 


All 


the orbits are ſuppoſed to be circular, except that of Mercury, When the aber- 
ration is acgative, the planet's motion is direct; when poſitive, it is retrograde. 


| 


Elong. from Sun| Mars Jupiter | Saturn | Georgian | Elong. | Venus 
O. conjun. o —36" | —29" | 27" | —25" ||Conj. up 4355 
L845... — 28 —26 | — 24 15*| —41 
| 13 o | — 32 —26 — 24 — 22 39 | —- 24 
is | -28 | -23 | -21 | —-19 j 45 | —19 
C i II. X. O — 23 I - — I 6 — Gr. elong. 1 
ban 15 218.14 —-12 10 45"|— 9 
KR. --1i2j = 9 | 6 | +4 9050 
err 1 — 4 © £8 12 „ 
V. VII. 3 41.4 | +-5- Con inf. + 3, 5 
15 „VVV | | 
Y.-H .:o.1.+4 +096 1+ | +28 | 
| Is | +4 | Fio | +12 | +15 || 
VI. oppoſ. o n een 
MERCURY. 
| Aphelion Mean Diſtance | Perihelion 
| Conjunc, ſuper. — 46” — 51,5 — 59'55 
! 5* 45 3 58 
| 10 — 44 — 48 — 52 
15 —41 — 43 —41 
| 20 — 36 — 33 | 
| 2 — 29 | 
Greateſt Elong. —18 —18 —-19 
25 7 
| 20 — 1 — 4 
| 15 " + 2 +4 * 
10 ＋ 4 + 8 +13 
1 5 ＋ 6 +11 +18 
Conjunc. infer. + 6 +II,5 | +19,5 


1 


631. M. de la 
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451. M. de la LAxpRE obſerves, that in the paſſage of Mercury over the 
fun in 1782, the aberration retarded the phaſes by computation 6. 34", as 
will appear by augmenting 1t's lengitude by 18/8, the aberration at that time, 
and diminiſhing that of the ſun 20”, which is always it's aberration. Com- 
pute the phaſes by ſuppoſing each body to be at it's true place, and at it's 
apparent place at the ſame time, and the difference ſhows how much the 
aberration affects the time. Moreover, when we calculate the true geo- 


centric place of a planet, we muſt add 20” to the place of the ſun in the 


Tables of it's motion, the place of the fun being put down as affected by 
aberration. 

532. By Article 526, the aberration = 0,00564 dm, if the earth's diſtance 
from the ſun be unity; if therefore that diftance be repreſented by 10, the 
aberration = 0,000564 dm, from which the following Table was conſtructed, 
to be entered with the diſtance of the planet from the earth, and the angle 
deſcribed by the planet about the earth in 24 hours, in DAG langirade, 
right aſcenſion or declination, 

If the diſtance of the body from the earth be greater iban 10, as 37 for 


inſtance, find the value for 3 and then multiply it by 10, and to it add the 
value for 7, 


A TABLE 


ON THE ABERRATION OF LIGHT. 337 


e 


70 find the Aberration of a Planet or Comet, in Latitude, Longitude, 
Right Aſcenſion or Declination, 


Diſtance from the Earth; that of the Sun being 10. 


OY” 


"un Hg . Or . 


o. 8 o, 5] o, 8 2 154 1,6 1,9 2,2 $4 2,71 
. 16 1,1 1,6 2.1 2,7 353 3,8 43 4,9 | 5,41 
O. 24 1,6 2,4 373 4,1 49 557 6,5 73 8,12 
o. 32 2,2 3,3 | 493 | 5 | 6.5 | 7,6 | 8,7 | 9,7 | 10,83 
o. 40 2,4, 1 5,4 | 6,8 | 8,1 | 9,5 | 10,6 | 12,2 | 13,53 
o. 40 | 3,3 | 459 6,5 8,1 9,3 | 11,4 | 14,0 | 14;6 16, % 
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ON THE ABERRATION OF LIGHT 


Ex, Suppoſe the diſtance of a comet from the earth to be 43, and. it's ap- 
parent motion in 24 hours to be 25. 15 in go, wrt ; to find the aberration 
in longitude. 

Enter with the diſtance 10 and daily motion 25. 15, and we get 4568, 
which multiplied by 4 gives 18277; and by entering with the diſtance 3 we 
get 13”,7 ; hence the aberration is 196%, 4. 

To reduce the place of the body computed from the Tables to the apparent 
place, add the aberration, if the latitude, longitude, right aſcenſion or decli- 
nation of the body decreaſe, but ſubtract, if it increaſe; and the contrary, to 
reduce the apparent to the computed place 
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ON THE PROJECTION FOR THE CONSTRUCTION OF SOLAR ECLIPSES. 


Art. 533. A® the ecliptic is inclined to the equator and cuts it in two 

oppoſite points, the ſun keeps continually approaching to one 
pole and receding from the other by turns, and therefore to a ſpectator at the 
ſun, the poles muſt appear and diſappear by turns. When the ſun is on the 
north fide of the equator, the north pole muſt appear ; and when on the ſouth 
fide, the ſouth pole. When the ſun is in the equator, the plane of illumi- 
nation is perpendicular to the equator, and conſequently the poles will lie in 
the circumference of the circle of illumination ; when the ſun comes to the 
tropic, the pole will appear in the middle of it's path over the circle of illumi- 
nation ; and when the ſun comes to the next equinox, the pole will appear on 
the other fide of the circle of illumination. When the fun gets on the other 
fide of the equator, this pole will diſappear, and the other will appear in like 


manner. Hence to a ſpectator at the ſun, the apparent motion of the pole P 
is the ſame as if the axis Pp of the earth had an annual conical motion Pr 9s, 
pnqm about an axis GOF perpendicular to the ecliptic EOC, the angle POG 


being equal to the greateſt declination of the fun, As theſe circles Pr 9s, 
pnqm are parallel to the ecliptic, their planes will paſs through the ſun, and 
therefore to a ſpectator at the ſun the apparent motion of the poles will be in 
the ſtraight lines PQ, pq; and as P moves as faſt in the circle Pr 9s as the 
ſun does in the ecliptic, if P be the place of the pole at the equinox, and we 
take the arc Po equal to the ſun's diſtance from that equinox, and draw vo 
perpendicular to PO, o will be the apparent place of the pole at that time. 
It is manifeſt that PV may be ſet off upon any circle deſcribed on P 

Hence alſo the angle which the axis vOw makes with the plane of illumination 
muſt be equal to the declination of the fun. As this apparent motion of the 
pole over the enlightened diſc of the earth is cauſed by the motion of the earth 
in it's orbit, the motion of the pole over the diſc will be in a direction con- 
trary to the diurnal motion of the diſc; if therefore P be the poſition of the 
pole at the vernal equinox, and Pr be it's motion over the diſc of the earth 
to the next equinox, the diurnal motion of the diſc will be made in the con- 


trary direction. 5 
v v 2 | 534. When 


FIG. 
116. 


FIG. 
117. 


Fi. 
118. 


Fi. 


119. 


ON THE PROJECTION FOR THE 


534. When the ſun, and conſequently the ſpectator who is ſuppoſed to be 
at the ſun, is in the equator, the ſpectator being in the plane of the equator, 
and, as to ſenſe, in the plane of all the circles parallel to it, they will all ap- 
pear to be projected upon the circle of illumination into right lines parallel to 
each other. But when the ſun, and conſequently the ſpectator, is out of the 
equator, the equator, and all the circles parallel to it, being ſeen obliquely, 
will appear to be projected into ellipſes upon the plane of illumination, as the 
eye may be conſidered at an infinite diſtance ; and as the eye has the ſame 
relative ſituation to all theſe circles, the ellipſes muſt be all ſimilar. When 
the ſun is on the north ſide of the equator, that part of the ellipſe which is the 
projection of that part of the circle which lies between the north pole and 
equator on the enlightened hemiſphere will be concave to the pole; but when 
the ſun is on the other fide of the equator, that part will be convex. That is, 
let P be the north pole on the enlightened hemiſphere, the ſun being on the 
north ſide of the equator, and vxy2z, ambn, the ellipſes into which the equator 
and any parallel to it are projected; then amd is that part of the ellipſe 


' which the place on this parallel deſcribes in the day, and the other part ba 


is that which is deſcribed in the night; and the place is at m at 12 at noon, 
and at at 12 at midnight. In this cafe, the other pole p muſt be conſidered 
as being on the other, or dark fide of the earth. But if P be ſuppoſed on the 
dark fide, and conſequently þ on the light ſide, or if the ſun be on the ſouth 
fide of the equator, » will be 12 at noon, and will be 12 at midnight. 
For if Pp be the axis, LN the plane upon which the circle a4 is to be pro- 
jected, E the ſun on that fide next to the north pole; then drawing Eam, En, 


the point à anſwering to noon, the fun being on the meridian, is projected at 


m, and the point s, anſwering to midnight, is projected at ; but when the 
ſun is on the other ſide of ab, as at e, a is projected to »' and þ to , there- 
fore 1 repreſents noon and midnight. On account of the great diſtance of 
the ſun compared with the radius of the earth, the lines Za, Eb, and ea, eb 
may be conſidered as parallel, and therefore the circle a4 is orthographically 
projected upon the plane LN into an ellipſe, whoſe minor axis is mn, or mu. 

535. The next thing to be done is to determine the magnitude of the ellipſe 
into which the circle a4 1s projected, and it's poſition upon the plane of illu- 
mination, Let Pp repreſent the axis of the earth, 45 a circle of latitude 
to any place, LPNy the meridian paſſing through the ſun, and LON the plane 
upon which the projection is made; then (533) the angle LO is equal to 
the ſun's declination ; draw am, bn, vr perpendicular to LO, and (534) mn 
is the minor axis of the ellipſe ; let vs be that radius of the circle ab which is 


parallel to the plane of projection, and it will be projected into a line equal to 
itſelf, 
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CONSTRUCTION OF. SOLAR ECLIPSES. 


ſelf, and conſequently it will be the major axis; hence 2vs, or 2va, or 2 cos. 
lat. is the major axis of the ellipſe; but mz (the projection of 46 upon LN) 
: ab :: fin. mab, or POL the dec. : radius; that is, the axis major: axis minor 
:: rad. : fin. declination. And:to find the neon Or from the center of pro- 
jection to the center of the ellipſe, we have, rad. = 1: cos, vOr the dec. :: 
vO : Or = vO x cos. dec. = ſin. lat. x cos. dec. But (541) the radius of the 
projection is the horizontal parallax of the moon diminiſhed, by the horizontal 
parallax of the ſun ; the: radius: therefore thus expreſſed being multiplied by 
the quantities whoſe values are exprefled when radius is ſuppoſed to be unity, 
give the value in terms of that radius; hence if hor. par. ( — hor. par. O g, 
then 4 x cos. lat. the ſemi - axis major of the ellipſe; x cos. lat. x ſin dec. = 


the ſemi-· xis minor; and Or =: Ax ſin. lat. * cos. dec. Thus we have gotten 


the dimenſions and poſition of the ellipſe in terms of the radius of projection. 
Hence we have the following conſtruction for the apparent ellipſe deſcribed by 
ag place on the earth's ſurface to a ſpectator at the ſun. 

536. Let GCFE. be! that half of the earth which is illuminated, E the 
plane of the ecliptic, GOP Perpendicular to it; take Gf = GY equal to the 
ſun's greateſt declination, join V, and on it deſcribe the ſemicircle YK A, 
and take Vi equal to the ſun's diſtance from the vernal equinox correſponding 
to the pole at V, and draw 4P perpendicular to VN, and P (533) is the place 
of the pole, which we will ſuppoſe to be on the enlightened diſc of the earth. 
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Alſo hx m=0Oc; hence kxm : kx cxn :: rad. : tan. POc =— =cx 


tan. 23*. 28' = 0,4341208 x c. Draw POp, and upon OP take Or = Ax ſin; 
lat. x cos. dec. ; draw bra perpendicular to OP, and take ra =rb = # x cos. 
lat. and rm ru Ax cos. lat. x fin. dec. and deſcribe an ellipſe ambu, and 
(535) it will repreſent the apparent: diurnal path of the place to a ſpectator 
at the ſun, for the given declination of the ſun. If x and z be the points where 
the ellipſe touch the circle GCFE, the part xambz will (534) be on the illu- 
minated part of the earth, and therefore viſible to a ſpectator at the fun, and 
che part zxx on the dark part, P being the north pole, and the ſun's declina- 
tion north; but if the declination be ſouth, xn will be the part on tbe illu- 
minated fide of the earth, and zhmax on the dark part. Let the declination 
be north, and @ the weſt fide of the diſc ; then to find where the given place 
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on the earth's ſurface, is at any time, we may obſerve that the place deſcribing 
the circle which is projected into the ellipſe ambs moves uniformly in that 
circle, from the uniform motion of the earth about it's axis; let therefore a5 
be a circle; then if every ordinate be diminiſhed 1n the ratio of yr : mr, the 
circle will be projected into the ellipſe amb ; this ſemicircle may therefore re- 
| preſent the half of the diurnal motion of the given place, ſo far as it is neceſ- 
ſary to obtain the correſponding poſitions of the place in the ellipſe. For 
divide the ſemicircle ayb into 12 equal parts from a, at 7, 8, 9, 10, 11, 12, 
I, 2, 3, 4, 5 6, repreſenting the poſitions of the given place from à at fix 
o'clock in the morning to h at fix in the evening, and theſe figures will repre- 
ſent the poſitions of the given place at the reſpective hours denoted by the 
figures; and if the dotted lines be drawn perpendicular to a4, the correſpond- 
ing points denoted by the ſame figures will repreſent the poſitions of the place 
in the ellipſe. This ellipſe may be very accurately deſcribed by diminiſhing 
each ordinate of the circle perpendicular to aò in the ratio of yr to mr, by 
taking a proper number of ordinates and then deſcribing'a curve through all 
the points; and if theſe lines be continued to the other half of the ellipſe, 
the hours, as there marked, will correſpond to the. poſitions of the given place. 
If each diviſion of the ſemicircle be divided into 10 equal parts, and ordinates 
be drawn to ab, the ellipſe will be divided into every fix minutes; and if the 
ſcale be large enough, and theſe diviſions on the ellipſe be ſubdivided into ſix 
equal parts, the ellipſe will be divided into minutes, for there will be no occa- 
ſion to uſe the circle for this laſt ſubdiviſion. Thus we can always find the 
apparent poſition of any place on the earth's ſurface to a ſpectator at the ſun. 

537. Draw 11 and 114 perpendicular to ry; then 11 = 114 1s the fine 
of 15® to the radius ra; and) by che principles of projection, yr: mr :: yd : 
uo, therefore as dl is the verſed fine of 15* to the radius yr, mw muſt be 
the verſed fine of 15* to the radius mr; 1 if we take the ſine and verſed 
ſine of 155 to radius unity, and multiply them into ra and rm reſpectively, 
they will give the values of 11% and ; and if rm be MY into the 
coſine of 15, it gives 720. The fame for any other angle. 

538. By Art. 535. Or = 4 x fin. lar. * cos. dec. and ra = 2 cos. Fen 
hence» Or: ra :: ſin. lat. x cos. dec. : cos. lat. conſequently Or =ro-x. 
_ 2 _ ws _ = ra * tan. lat. X cos. dec. therefore if ra and cos. dec. 
be conſtant, Or varies as tan. lat. Alſo (53 5 the radius of projection muſt 
vary inverſely as the coſine of the: latitude. 

539. Having determined the ſituation of the liek for any one latitude in 
reſpe& to the center of projection, as the ellipſes for all latitudes are ſimilar 
it the dechnation be given, we may make ule of the ſame ellipſe for all lati- 
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tudes, only by altering Or in a proper ratio; for (538) if ra and the declination 
remain conſtant, O varies as the tangent of latitude. Hence take rO : rO/ 
as the tangent of the latitude for which the projection was made: tangent of 
any other latitude, and O“ will be the center of projection, whoſe radius is 
(538) alſo known; and ambs is the ellipſe for that latitude, 
540. Let e be any poſition of the given place, and join eO; then the angle 
under which EO appears at the ſun is the ſun's horizontal parallax; alſo the 


angle under which eO appears at the ſun muſt be the parallax in altitude at 


the point e, for the ſun being vertical to O, the arc correſponding to eO is the 
zenith diſtance of the ſun at the given place, and eO is the fine of that arc 
from the nature of the projection; but (154) the hor. parallax : parallax at 
any altitude :: rad. : fine of the zenith diſtance :: OZ : Oe; hence if OE re- 
preſent the horizontal parallax, Oe will repreſent the parallax in altitude at e. 
Alſo as e repreſents the zenith of the given place, eO repreſents the vertical 


circle paſſing through the ſun. The uſe of this projection is to conſtruct the 


phaſes and times of a ſolar echpſe, as we ſhall now proceed to explain. 
541. Let S be the center of the fun, x7 the enlightened hemiſphere of the 


earth, which we muſt conceive to be perpendicular to SC; draw SD, SY tan- 
gents to two oppoſite points of the earth, and let ambn be the apparent ellipſe 
(536) deſcribed by any point m on the earth's ſurface; let OC be the diſtance of 


the moon from the earth, and vd, a'n'b'n' be the projection of YD, ambn 


upon a plane at the moon perpendicular to 50, to an eye at 8, and 


ambn will be the apparent motion of the center of the ſun at $ to 
the ſpectator deſcribing ambn. The curve a'm'b'n' may be conſidered as an 


ellipſe; for the angle DSC being only 82”, DS, CS may be reckoned as 
parallel, and therefore the projection of Dy upon a plane parallel to it may be 
conſidered as an orthographic projection, and conſequently the two figures 


may in all reſpects be conſidered as fimilar. Let LM be the orbit of the 


moon; then if we know at any time the point of the ellipſe ambu where the 
ſpectator is, we know the correſponding point where the center of the ſun is in 
the ellipſe am if therefore we determine at the ſame time the point where 
the moon is in it's orbit LM, we ſhall know the apparent fituation of the moon 
in reſpect to the fun, Hence if we find two points, one in the ellipſe a'm'b'n' 
where the center of the ſun is, and another in LM where the center of the moon 


is at the ſame time, and about theſe centers, with radi equal to the apparent 


ſemidiameters of the ſun and moon, we deſcribe two circles, they will repreſent 
the apparent ſituations of the two diſcs. If that of the moon fall upon the 
ſun, it ſhows how much the ſun is eclipſed at that inſtant. Now the angle 
OVv=COY — OSV, that is, the radius of projection is equal to the difference 


of the horizontal parallaxes of the moon and ſun. The projection Oe“ of Ce 
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is the parallax in altitude of the moon from the fun, ſuppoſing the moon to 
be at the ſame altitude as the ſun; for the radius Ov repreſents the difference 
of the horizontal parallaxes of the fun and moon, or the horizontal parallax 
of the moon from the fun ; and as the parallax of each varies (154) as the 
fine of the apparent zenith diſtance, the difference of the parallaxes muſt vary 
as the fine of their common apparent zenith diſtance ; hence Ou: Oe“ :: 
difference of the horizontal parallaxes : difference of the parallaxes at their 
common apparent altitude; therefore if Ov reprefent tlie third term, Oe will 
repreſent the fourth. In an eclipſe of the ſun therefore this will be nearly true, 
but not accurately ſo, except when the ſun and moon are atthe ſame altitude. 
The place of the pole of the earth is here ſuppoſed to be fixed during the 
time of the eclipſe, and conſequently the earth is ſuppoſed to be immoveable 
for that time; the ſun's declination is alſo ſuppoſed to be conſtant for the 
ſame time; but as theſe circumſtances do not take place, the projected path 
of the ſpedtator will not be accurately an ellipſe. ' M. de la CarLLz obſerves, 
that in this projection, all the errors ariſing from the finite diſtances of the 
fun and moon are ſuppoſed to be compenſated; by making the ſemidiameter 
of the projection equal to the difference of their horizontal parallaxes; whereas 
only a part of the lines ſhould be diminiſhed in that ratio. The ſun alſo not 
being at an infinite diſtance, the projection will not be an accurate ellipſe. 
The ſpheroidical figure of the earth is alſo here not conſidered. All theſe cir- 
cumſtances tend to render the method of determining the phaſes of an eclipſe 
| | by this conſtruction ſubject to a certain degree of inaccuracy ; but if the con- 
; ſtruction be made upon a large ſcale, it will be ſufficiently accurate, when we 
| only want to predict an eclipſe. If S be a fixed .ſtary tlie ſame conſtruction 


— 


will give the time of it's occultation by the moon. In this caſe, as the fixed 
ſtar has no parallax, the radius of projection is equal to the horizontal l 
| of the moon. This projection was firſt given by. Mr. FuamsTEAD. 

= 542. If we make this projection upon a plane at the orbit of Venus: or 
\ Mercury, the radius of projection muſt be taken equal to the difference of the 
horizontal parallaxes of Venus or Mercury and the fun; and by proceeding as 
for the moon, we may determine the times of the phaſes of the tranſits of 
Venus and Mercury over the ſun's diſc; but this is beſt done hed calculation, 
25 wy be afterwards Wine 
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CH A P. XXIV. 


ON ECLIPSES OF THE SUN AND MOON, AND OCCULTATIONS OF 
FIXED STARS BY THE MOON. 


Art. 543. AXE eclipſe of the Moon is cauſed by it's entering into the earth's 

ſhadow, and conſequently it muſt happen when the moon is in 
oppoſition to the ſun, or at the full moon. An eclipſe of the Sum is cauſed by 
the interpoſition of the moon between the earth and ſun, and therefore it muſt 


| happen when the moon is in conjunction with the ſun, or at the new moon. 
If the plane of the moon's orbit coincided with the plane of the ecliptic, there 


would be an eclipſe at every oppoſition and conjunction; but the plane of the 
moon's orbit being inclined to the ecliptic, there can be no eclipſe at oppoſition 
or conjunction, unleſs at that time the moon be at, or near to the node. 
For let Mamb be the orbit of the moon, Mcmd the plane of the earth's 
orbit, or that plane in which the ſun S, &“ appears as ſeen from the earth, and 
let theſe two planes be inclined to each other, fo that we may conceive the part 
Mam to lie above Mcm, and the part οπ below mdM; and M, m are the 
nodes. Now if when the moon is at M the ſun be in conjunction at S, the 


three bodies are then in the ſame plane, and therefore the moon muſt interpoſe 


between the earth and ſun, and cauſe an eclipſe of the ſun. But if the moon 


be at M when the ſun comes into conjunction at S', M is now elevated above 


the line joining E and &“, and the further M is from M, the more elevated 
will A appear above &', ſo that M may be ſo far from M, that the moon may 
not at all interpoſe between E and &', in which caſe there will be no eclipſe of 
the ſun. Whether therefore there will, or will not be an eclipſe of the ſun at the 
conjunction, depends upon the diſtance of the moon from the node at that 
time. If the moon be at i at the time of oppoſition, then the three bodies 
being in the ſame plane, the ſhadow EV of the earth muſt fall upon the moon, 
and the moon muſt ſuffer an eclipſe. But if the moon be at at the time of 


oppoſition, n may be fo far below the ſhadow Ev of the earth, that the 
moon may not paſs through it, in which caſe there will be no eclipſe. Whe- 


ther therefore there will be a lunar eclipſe at the time of oppoſition, depends 
upon the diſtance of the moon from the node at that time. If the two planes 


- coincided, there would evidently be a central interpoſition every conjunc- 
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tion and oppoſition, and conſequently a total eclipſe. MErox, who lived 


about 430 years before ChRIST, obſerved, that after 19 years the new and full 
moons returned again on the ſame day of the month. The ancient Aftrono- 
mers alſo obſerved, that at the end of 18 years 10 days, a period of 223 
lunations, there was a return of the ſame eclipſes; and hence they were enabled 
to foretel when they would happen. This is mentioned by Prix x the Natu- 
raliſt, Lib. II. Ch. 13. and by PToLEmYy, Lib. IV. Ch. 2. This reſtitution of 
eclipſes depends upon the return of the following elements to the ſame ſtate.. 


2. The ſun's place. 2. The moon's place. 3. The place of the moon's. 


apogee. 4- The place of the aſcending node of the moon. The exact reſti- 


tution of theſe can never take place; but it ſo nearly happens in the above 


time, as to produce eclipſes remarkably correſponding. In this manner Dr.. 
HALLEY predicted and publiſhed a return of eclipſes from 1700 to 1718, 
many of them corrected from obſervations ; together with the following ele- 
ments.—1. The apparent time of the middle. 2. The ſun's anomaly. 3. The 
annual argument. 4. The moon's latitude He ſays, that in this period of 22 3 


lunations there are 18 years 10 or 11 days (according as there are five or four 


leap-years) 74. 435 ; that if we add this time to the middle of any eclipſe ob- 
ſerved, we ſhall have the return of a correſponding one, certainly within 15. 30%. 
and that by the help of a few equations, we may find the like ſeries of eclipſes 
for ſeveral periods. 


To Calculate an Eclipſe of the Moon. 


£44. The firſt thing to be done, is to find the time of the mean oppoſition. 
To get which, from the Tables of Epacts *, amongſt the Tables of the moon's 
motion, take out the epact for the year and month, and ſubtract the ſum from 
29d. 12h. 44. 3” one ſynodic revolution of the moon, or two if neceſſary, fo 
that the remainder may be leſs than a revolution, and that remainder gives the 
time of the mean conjunction. If to this we add 149. 184. 22. 1,4 half a 
revolution, it gives the time of the next mean oppoſition ; or if we ſubtract, 
it gives the time of the preceding mean oppoſition. If it be leap-year, in 
January and February ſubtract a day from the ſum of the epacts, before you 
make the ſubtraction. When the day of the mean conjunction is o, it denotes 
the laſt day of the preceding month. 
| Ex. 


The epaR for any year is the age of the moon at the beginning of the year from the laſt 
mean conjunction, that is, from the time when the mean longitudes of the ſun and moon were 
laſt equal. 'The epact for any month is the age which the moon would have had at the beginning 
of the month, if it's age had been nothing at the beginning of the year. 
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Ex. To find the time of the mean new and full moons in February, 1795. 


Et 1999 7 oe erent 629 
Fedrumy , 1. B30: 26485 


10. 22. 22. 14 
£05198 44-3 


Mean new moon . . 18. 14. 21. 49 
14. 18. 22. I,4 


Mean full moon . . 3. 19. 59. 47,6 


545. To determine whether an eclipſe may happen at oppoſition, find the 
mean longitude of the earth at the time of mean oppoſition, and alſo the longi- 
tude of the moon's node; then, according to M. Cass1n1, if the difference 
between the mean longitudes of the earth and the moon's node be leſs than 
75. 3O', there muſt be an eclipſe ; if it be greater than 145. 30“, there cannot be 
an eclipſe; but between 7. 3o' and 149. 3o' there may, or may not be an eclipſe. 
M. de LaMBRE makes theſe limits 7. 47' and 13. 21". | 


Ex. To find whether there will be an eclipſe at the full moon on February 


3» 1795. 
Sun's mean long. at 3*. 19. 59'. 47,6 (543) 10. 13*. 27. 20”,8 


1 — —_— 
— —_— 


Mean long. of the earth .:-. . 4. 13. 27. 20, 8 
Long. of the moon's node 4. 8. 1. 4%, 5 


NS 4 Ae 54 +4a. 0 646 6.6 


— — —— 


Hence there muſt be an eclipſe. 


Examine thus all the new and full moons for a month before and a month 
after the time at which the ſun comes to the place of the nodes of the lunar 
orbit, and you will be ſure not to miſs any eclipſes. Or having the eclipſes 
for the laſt 18 years, if you add to the times of the middle of theſe eclipſes, 
185. 10d. or 11d. yh, 432, it will give the times when you may expect the 
eclipſes will return. 


0 | 546. To 
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546. 'To the time of mean oppoſition, compute * the true longitudes of the 
ſun and moon, and' the moon's true latitude; and find, from the Tables of 
their- motions, the horary motions of the ſun and moon in longitude, and 
the difference (d) of their horary motions is the relative horary motion of the 
moon in reſpect to the ſun, or the motion with which the moon approaches 
to, or recedes from the ſun ; find alſo the moon's horary motion in latitude ; 
and ſuppoſe at the time {z} of mean oppoſition, the moon is at the diſ- 
tance (m) from oppoſition; then, 4 : :: 1 hour : the time ( between 
tand the oppoſition, which added to, or ſubtracted from the time 7, according 
as the moon is not yet got into oppoſition, or is beyond it, gives the time of 
the ecliptic oppoſition. 

547. To find the place of the moon in TO let 1 be the moon's 
horary motion in longitude ; then, 1 hour: w :: : the increaſe of the moon's 
longitude in the time w, which applied to the 3 longitude at the time of 
the mean oppoſition, gives the true longitude of the moon at the time of the 
ecliptic oppoſition. The oppoſite to that muſt be the true longitude of the 
ſun. Find alſo the moon's true latitude at the time of oppoſition, by ſaying, 
1 hour : 20 :: the horary mot ion in latitude : the motion in latitude in the time 
2, which applied to the moon's latitude at the time of the mean oppoſition, 
gives the true latitude at the time of the true oppoſition. In like manner you 
may compute the true time of the ecliptic conjunction, and the places of the 
ſun and moon for that time, when you calculate a ſolar eclipſe. 

548. With the ſun's horary motion 1n longitude, and the moon's 1n longi- 
tude and latitude, firid the inclination of the relative orbit, and the horary 
motion upon it. To do this, let LM be the horary motion of the. moon in 
longitude, SM that of the fun; draw Ma perpendicular to LM and equal to 
the moon's horary motion in latitude ; take $4 = Ma and parallel to it, and 
join La, Lb; then La is the moon's. true orbit, and L6 it's relative orbit in 
reſpect to the fun. Hence LS (the difference of the horary motions in longi- 
tude) : $5 (the 1 moon” s horary motion in latitude) 2: radius: tan. LS the in- 
clination of the relative orbit; and cos. 2 LS: radius :: LS: Lb the horary 
motion in the relative orbit. By Logarithms the calculations are thus. 


Log. 


The method of now þ this will be explained in the Introduction to the Tables, in the ſecond 
Volume. 

+ For greater certainty you may compute again from the Tables the places of the ſun and 
moon, and if they be not exactly in oppoſition, which probably may not be the caſe, as the 
moon's longitude does not increaſe uniformly, repeat the operation. This accuracy however in 
eclipſes is generally unneceſſary; for the beſt lunar Tables cannot be depended upon to give the 
moon's longitude nearer than 30”; therefore the probable error from the Tables is vaſtly greater 
than that which ariſes from the motion in longitude not being uniform. Unleſs therefore very 


great accuracy be required, this auen is unneceſſary. 
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Log. Sh 10, — log. LS = log. tan. bLS. N : 
Log. £3+ 16, >Jog; cos. e Lo. Re 


M. de la LAx DE obſerves, that if we add 8” to the e of the horary 
motions in longitude it will give the horary motion in the relative orbit; for 
in a right angled triangle, of which the baſe is the difference of the horary : | 
motions in longitude, which is about half a degree, and the angle at the baſe 

about 3357, the difference between the baſe and hypothenuſe wall always be 

about 8”. 

549. At the time of oppolition; find, from the Tables, the moon's horizontal 
parallax, it's ſemidiameter, and the mer of the ſun, the horizontal 
parallax of which we may here take = 9“. | 

550. To find the ſemidiameter of the earth's ſhadow at the moon, ſeen 
from the earth. Let AB be the diameter of the ſun, TR the diameter of the Fis. 
earth, O and C their centers; draw AT, BR to meet at J, and join OCI; 124 
let FGH be the diameter of the earth's ſhadow at the diſtance of the moon, 
and join OT, CF. Now the angle FCG = EFA— CIA, but CIA OTA 
TOC, therefore FCG = CFA—OTA + TOC, that is, the angle under which 
the ſemidiameter of the earth's ſhadow appears at the moon, is equal to the ſum of the 
horizontal parallaxes of the ſun and moon diminiſhed by the apparent ſemidiameter of 
the ſun. In eclipſes of the moon, the ſhadow is found to be a little greater 
than this Rule gives it, owing to the atmoſphere of the earth. This. augmen- 
tation of the ſemidiameter is, according to M. CAss INI, 20”; according to 
M. MoxNIER, 30“; and according to M. de la HixE, 60”. MAYER thinks 


I 
the correction is about 50 of the Galois: of the ſhadow, or that you | 


may add as many feconds as the ſemidiameter contains minutes. Some 
Computers always add 50“.; but this muſt be ſubje& to ſome uncertainty. | 
551. As the angle CIT (=O TA— TOC) is known, we have fin. TIC : cos. 
TIC:: TC: CT the length of the earth's ſhadow. If we take the angle 470 
=16'. 3“ the mean ſemidiameter of the fun, TOC = 9” the horizontal parallax - 
of the (uns we have CIT = 15. 54”; hence ſin. 15. 54” : cos. 1 * 54 or t 2 


214, fl. : TC; GI=2zi6,z T6 
432 Let P repreſent the ſection of the earth's * at the moon, CN Fx, 


the ecliptic, NL the moon's orbit; draw Cn perpendicular to M, and Cm 125. 
perpendicular to NL, and let the moon at x juſt touch the earth's ſhadow at 7 
externally, ſo that Cm may be the ſum of the radii of the moon and earth's ſhadow; = 

then to determine when thts happens, we may take the angle at N= 5. 175 

which is very nearly it's value in all eclipſes, the inclination of the lunar orbit 

being at that time always ene. as will afterwards be ſhown; chence, fine 


3.17 


FIG. 
126, 
127. 
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6*. 17 : rad. :: fin. Cm : fin. CN; now the greateſt value of Cm is about 


1. 30. 30”; hence the. correſponding value of CN = 11%. 34; when therefore 


CN is greater than that quantity, there can be no eclipſe. According to M. 


Cassinrt, if the latitude C of the moon at the time of the ecliptic conjunction 


exceed the ſum of the ſemidiameters of the earth's ſhadow and moon by 18”, 
there will be no eclipſe ; but if it do not exceed that ſum by 16”, there will be 


an eclipſe. If Cm='Cr—rm, or the limbs touch internally, the eclipſe will 


be juſt total; hence if the diftance of the moon's node from the place of 
the earth be leſs than the computed value of CN in this cafe, there muſt be a 
total eclipſe of ſome duration. If therefore it was before doubtful, and it now 
appears that there will be an eclipſe, proceed as follows to compute it. 

553. Let APB be that half of the earth's ſhadow where the moon paſſes 
through, NL the relative orbit of the moon, one figure repreſenting a partial 
eclipſe, and the other a total one; draw Cmr perpendicular to NL, and let 2 
be the center of the moon at the beginning of the eclipſe, #2 at the middle, x 
at the end, v at the beginning of total darkneſs, 20 at the end; alſo let AB be 


the ecliptic, and Cn perpendicular to it. Now in the right angled triangle 


Cum, we know Cu the latitude: of the moon at the time of the ecliptic conjunc- 
tion, and (548) the angle Cum the complement of the angle which the rela- 


tive orbit of the moon makes with the ecliptic; hence, radius: cos. Cum :: 
Cn: um, which we call the Reductiou; and radius: fine Cum :: Cu: Cm. By. 


Logarithms the calculations are thus. 


Log. cos. Cum A log. Cu A de um. 
Log. ſin. n+. Cn — N Cm. 


ls ei 1 


know the time of deſcribing mn, by ſaying, A mn :: 1 hour : the time of de- 
ſeribing mu; the computation of this is moſt readily performed by logiſtic t 
logarithms. Hence, knowing the time of the ecliptic. conjunction at u, 
we know the time of the middle of the eclipſe at m. Next, in the right 


angled triangle Cm x, we know Cm, and Cz the ſum of the ſemidiameters 


of the earth's ſhadow and the moon, to find mz, which is done thus by 
logarithms 3 as mz = N C C = zT CN CE Gm, the 
bog. of mz == X bog. Cz + Cm F log. Cz — Cm. Hence the horary motion 

| | of 


If the moon at n have north or bum Iatitude . che angle Cum is to be ſet off te 
the right; otherwiſe to the left of Cx. 


4 For the nature and uſe of theſe Logarithms, fee the Table at the end of this Volume. 


The horary motion % of the moon upon it's 00 orbit being known, we 
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of the moon being known, we know the time of deſcribing zm, which ſubtracted 
from the time at m gives the time of the beginning, and added, gives the time 
of the end. In the ſame manner, in the right angled triangle Cv, we know 
Cm, and Cv the difference of the femidiameters of the earth's ſhadow and moon; 


hence by Logarithms, the /og. of mv = A x log. Cv + Cm + log. Cv—Cm ; 


from whence, as before, we know the time of deſcribing mv, which ſubtracted 


from the time at m gives the time of the beginning of- total darkneſs, and 
added, gives the time of the end. The magnitude of the eclipſe at the middle 
is repreſented by tr, which is the greateſt diſtance of the moon within the 


earth's ſhadow, and this is meaſured in terms of the diameter of the moon, 
conceived to be divided into 12 equal parts, called Digits, or Parts deficient ; 


to find which, we know Cm, the difference between which and Cr gives mr, 


which added to mt, or if m fall out of the ſhadow take the difference between 
mr and mt, and we get tr; hence to find the number of digits eclipſed, ſay, 
mt: tr :: 6 digits, or 360', (it being uſual to divide a digit into 60 equal parts, 
and call them minutes,) : he digits eclipſed. If the latitude of the moon be 


north, we uſe the upper ſemicircle ; if ſouth, we take the lower. 


554. If the earth had no atmoſphere, when the moon was totally eclipſed 
it would be inviſible ; but we have ſhown (201) that by the refraction of the 
atmoſphere, fome rays will be brought to fall on the moon's ſurface, upon 
which account the moon will be viſible at that time, and appear of a duſky 


red colour. M. MARALDI (Mem. de I Acad. 1723) has obſerved, that, in 


neral, the moon's umbra at a certain diſtance is divided by a kind of penum- 


bra, from the refraction of the earth $ atmoſphere. This will account for the 


circumſtance of the moon being more viſible in ſome total eclipſes than in 
others. It is ſaid that the moon, in the total eclipſes in 1601, 1620 and e. 


entirely diſappeared. 
555. An eclipſe of the moon ariſing dem it's real deprivation of "= 


it muſt appear to begin at the ſame inſtant of time to every place on that ; 
miſphere of the earth which is next the moon. Hence it aftords a very ready 
—_ of finding the difference of longitudes of places upon the earth, as 
will be afterwards explained. The moon enters the penumbra of the carth be- 
fore it comes to the umbra, and therefore it gradually loſes it's light ; and the 
penumbra is ſo dark Juſt at the umbra, that it is difficult to aſcertain the exact 
time when the moon's limb touches the umbra, or when the eclipſe begins. 
When the moon has entered into the umbra, the ſhadow upon it's diſc is to- 
lerably well defined, and you may determine to a conſiderable degree of accu- 
racy the time when any {pot enters into the umbra. Hence the beginning and 
end of a lunar eclipſe are not ſo proper to determine the longitude from, as the 


times at which the umbra touches any of the ſpots. - 
EXAMPLE 
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es” Computation of a Partial Eclipſe . of * the Moon, on February 3. 179 83 
Por the Meridian os the Pe Quervarery at Greenwich. 


rr "_ 


[ The time of the mean | fall moon is at 34. 19h. 59“. 46 by Art. 544. 

4 By Art. 545. it appears that there will be an eclipſe. 

By computation (546) the mean time of the ecliptic oppoſition is at 12h, 
46. 18”, from which, ſubtract the equation of time 14. 20”, and we have 
123. 31. 58” the apparent time at Greenwich. 

To this time compute (547) the moon's place in the ecliptic, and it will be 
found 4*. 15“. 15, 57”, the oppoſite point, to which is 10f, 15%. 15. 57" the 
Place of the ſun. Compute alſo the moon S latitude Cu, and it will be found | 
37. 39“ N. aſcending. 

By the Tables, the horary motion of the moon in latitude is 2”. 575 ; the 
horary motion of the ſun is 2“. 32”, and of the moon 32“. 9“ in longitude ; 
hence the horary motion of the moon from the ſun in longitude is 29“. 37”; 
| conſequently ( 548) the horary motion of the moon from the ſun on the rela- 
't tive orbit is 29'. 45 alſo the inclination of the relative orbit is 5*. 41”. 27”. 


| The reduction 2m (5 53) 18.3". 44" reduce this, into time by Logiſtic Loga- 
| | rithms, and the operation is thus ; 


| | ix win won” * „ 497 1,2061 
| 29. 45 « + + +» 0,3047 


7. 32 time of deſcribing mu . 0,9014 


| The neareſt approach Cm of the centers is 37'. 28”. 


From 124. 31. 58” ſubtract 75 32” apa it leaves 1 2h. 56 360% the Middle 
of the eclipſe. | ey 

By the Tables, the horizontal parallax of the ſun is 00. "gf , and of the moon 
(17 3) 56'. 30”; alſo the apparent ſemidiameter of the ſun is 16'.-16”, and of 
the moon * 24“. Hence, hor. par. © + hor. par. « — ſemidiam. © + 50” 5 
=41'. 13“, the ſemidiameter (550) of the carth's ſhadow increafed by 50 for b 
refraction. Hence by Article 5 53, | 1 


Senud. 
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Semid. 4 + ſemid. &'s ſhad. 56'. 37"= 3397" 
Neareſt app. of centers. . 37. 28 = 2248 


Sunn eg. 3.561664 
Difference. denn d % Wien M WARTS 3.060320 


3 1 2)6 7811984 


Log. or +: of 84x, 26% mot. of half geraten 3.40 5992 | 


1 * 
. u—— — — 


er ties into "or gh the « logic Logics 

200 45 ebe n abut 05304 

TO "= 201) a noo tt in, i gay 

1h. 2 5. 37 balf duration «11 4, 0,$4.56, 


TE 


- 
* 1 141 3 * o o o * # 
. : ? " $ i Wh. 
„ , or T1 * 4 11 — * 8 $3 # 


" Subtradt this from and 1 it to 4740 24. 2 6", * we get 10h. 58“. 49” 
for the Beginning, and 134. 500. 37 for the Eud. 

From Cr =41'. 13“ ſubtract Cm = 3. 28”, — we get 1 455 hence 
(553) mr mt r 195 9“ che parts deficient; conlequently 19 $4": 19; 97 
2: 6d. or 36007: 79. 27 36” the digits eclipſed. 


— 


4 Fa Þ „ he 


By logiſtic Logarithms the computation 1s thus ; 


195 E T1. 183,496 
15. 3 40 1.) off 8 LG 0,5906 


, * d #4 | — 
— 82 a ; 7 1277 36 .. } 299 92 . o 9,9054 


Hence che times of this eclipſe are February 3, 1795, the 


Beginning at |. . 10". 58. 49 1 
Middle il 5.1 »: \Iſte: 24+ 36. > apparent time at Greenwich. 
V TY 
e,, 9 
Digits eclipled . . 7*. 27: 36 on the moon's ſouth limb, as repre- 
ſented in Fig. 126. which 1 was conſtructed for this eclipſe. 
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DN AN ECLIPSE or THE MOON. 
EXAMPLE II. 


A Computation. of @ Total Eclipſe of the Moon, ou December 3, 1797 ; 
for the Meridian of the Royal Obſervatory at Greenwich. 


By Art. 545. appears that there will be an eclipſe at this full moon. 

By computation (546) the mean time of the ecliptic oppoſition 1s 
34. 16h. 16, 46; to which add g'. 18” the equation of time, and you get 
34. 164. 26“. 4” for the apparent time. 

To this 10 compute ( 547) the moon's place in the ecliptic, and it will be 
found to be 2*. 12% 35. 19"; conſequently the ſun's place is 8*. 12*. 35. 19”. 
Compute alſo the moon's latitude Ca, and it will be found . 5 5"S. decreafing, 

By the Tables, the horary motion of the moon in latitude is 3“. 15”; the 
horary motion of the fun is 2“. 32”, and of the moon 35. 14” in longitude; 
hence the horary motion of the moon from the ſun in longitude is 32“. 42”; 
conſequently the horary motion of the moon from the ſun on the relative 
orbit (548) is 32. 50”; alſo the inclination of the relative orbit is 5˙. 40, 34”. 

The reduction xm ( 5 53) is O.. 29”; reduce this into time by the eite 


Logarithms, and the operation is thus. 
5. go” £99, 4362962! WD . | y 0,2618 TR 173 
%% bbb RR 


o. 53 time of deſcribing mn . - 1,8321 F- 


The neareſt approach Cm of the centers is 4. 54” 


Io 16h. 26“. 4” add 53” and it gives 164. 26“. 57” for the Middle of the 
eclipſe. Ry 
By the Tables, the horizontal parallax of the ſun is o'. 9“, and of the moon 
(173) 59 9”; alſo the apparent ſemidiameter of the ſun is 16. 19”, and of the 
moon 16', 6”, Hence hor. par. © + hor. par. « —ſemid. © + 50 43“. 51”, 
the ſemidiameter ( 550) of the earth's ſhadow increaſed: by 50” for refraction. 
And as Cr (= 43 51“ is greater than Cm+ms (= 21 55 the e muſt be 


total. 


Hence by A Article 553, 
Semid. 
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Semid. 4 ſemid. S's ſhad. 59'. 57"=3599" ' 
Neareſt app. of the centers. 4. 54 = 294 . _ 


Sum ©. NO oh 423891 log. 3, 50006 12 
MBE” T7 ²˙ ³Ü¹ > 2004 3,5189086 


K FFV 2)7-108g698 
Log, of 3585"=59 4% ©. Yn 3.88445 5 


* "£05 3 


| Reduce this into time by the ogiftic Logarithms : but becauſe the fourtii 
term, in this caſe, would come out a greater quantity than that to which the 
Table extends, we ,will take the half of 59'- 45's 1 then double the con- 


cluſion; 


22. 30% „ 
!!. v Wo Þ 


yz © * 004105 


. 
o 
4 ; 


(2 5: 353. 


Hence 1k. 49 11” is the half duration; which ſubtrafted from and added 
to 16h. 26. 5%, e 144. 375 740 for the 2 and 184. 160. 8“ for the 


End. 
By the FW Article, we find the time 0 122 the Auen of: total darkneſs 


thus: 


Semid. Ss ſhad. — ſemid. ( 27. 4, 8 166%/½᷑ʃÄ6G—uk 
Neareſt app. of the centers 4. 54 = 294 


„ oo 3 329 G95 0 if 059 mW 3,2920344- 
Difference  . . . « . « + 1371 — log. 3,1370375 


2)6,4290719 


10g. of 1639 J. 19” mot. of + dur. of tot. dark. 3, 21453 59: 


Reduce this into time by the logiſtic Logarithms. 


TY e 


FIG. 
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$2”. go” o . 8 Fo „ * 5 1 . . . 0, 2618 | 
27 19 . 1 . . 5 8 + © ®. 2 . . 0,3417 


"49: 55 5 _w duration of total darkneſs , .  0,0799 


abend this from and add it to 16/. 26 5775 and it gives 15h. 37. 2” for 
the beginning of total darkneſs, and 198. 16% * for the end. 
From Cr 437 N Cm . 54“, and we get mr = 38'. 5%, 


which add fm = 16. 6”, and we get fr = 55. 3“ the parts deficient ; e 
16. 0: 55-3" 6% or 360), : 20", 31 the digits eclipſed. The operation 


* logiſtic Logarichms i is thus. 


555 3 „zog. FTT 
TT! K 


%% 20 *o * WO 


* K 0 


Hence the times of this eclipſe are December 3, 1797, the 


Beginning at. . . 14". 37. 46%) 
Total * 15. 37. 2 | apparent — 
Middle . . . „ w . 
Total darkneſs end: ; FF 

End of the eclipſe . . 18. 15 8 
Duration of total darkneſs . 1. 39. 50 
Duration of the whole eclipſe . 3. 38. 22 - . 
Digits eclipled ..:@ = 80-3: 3 


28 I | # 5 


If the time correſponding to the difference between the meridian of Green- 
wich and that of any other place, be applied to the times here found, it will 
give the times at that place. 


556. Inſtead of computing the firſt RY it may be conſtructed thus. Having 
a ſcale of minutes and ſeconds, with the center C and radius CB 41“ 13”, the 
ſemidiameter of the ſhadow, deſcribe a circle; draw (n perpendicular to ABC 
and equal to 37'. 19” the moon's latitude at the ecliptic conjunction; make the 
angle Cu N g. 180. 33“ the complement of the angle which the em orbit 
makes with the ecliptic, and produce Nx to L; with a radius 56“. 37“, the 


ſum of the ſemidiameters of the earth's ſhadow and moon, ſet off Cz, Cx; let 
| fall 
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fall the perpendicular Cm upon NL; and with the centers z, m, x, and radius 
=15'. 24”, the ſemidiameter of the moon, deſcribe the circles repreſenting the 
moon. To find the beginning, middle and end, mark the point 2 124. 32“ the 
time of the ecliptic conjunction; and with a radius equal to the relative horary 
motion of the moon upon NL, ſet off that extent from ꝝ both ways, and divide 
each interval into as many equal parts as you conveniently can, and continue 
theſe diviſions to z and æ, and the times correſponding to the points 2, n, x 
ſhow the beginning, middle and end of the eclipſe. And if tr be meaſured 
upon the ſcale, it will ſhow the digits eclipſed. This method will give the 
time ſufficiently near, when you only want to predict the eclipſe, as you may 
depend upon the time to a minute, if the radius CB be fix or ſeven inches. 
You may proceed in the ſame manner if the eclipſe be total. 


| 
On an Eclipſe of the Sun. 


557. An eclipſe of the ſun is cauſed by the interpoſition of the moon be- 
tween the ſun and ſpectator, or by the ſhadow of the moon falling on the earth 
at the place of the obſerver. The different kinds of eclipſes will be beſt ex- 
plained by a Figure. Let & be the ſun, M the moon, AB or A'B' the ſurface 
of the earth ; draw tangents. Ax Us, lv from the ſun to the ſame ſide of the 
moon, and ævz will be the moon's ambra, in which no part of the ſun can be 
ſeen; if tangents p7hd, qwac be drawn from the ſun to the oppoſite ſides of the 


moon, the ſpace comprehended between the umbra and war, td, is called the 


penumbra, in which part of the ſun only is ſeen. Now it is manifeſt, that if 
AB be the ſurface of the earth, the ſpace mn where the umbra falls will ſuffer 
a total eclipſe ; the part am, bu between the boundaries of the umbra and pe- 
numbra will ſuffer a partial eclipſe ; but to all the other parts of the earth there 
will be no ecliple. Now let A'B' be the ſurface of the earth, the earth being, 
at different times, at different diſtances from the moon; then the ſpace within 
rs will ſuffer an annular eclipſe ; for if tangents be drawn from any point o 
within rs to the moon, they muſt evidently fall within the ſun, therefore the 
ſun would appear all round about the moon in the form of a ring; the parts 
cr, 5d, will ſuffer a partial eclipſe ; and the other parts of the earth will ſuffer 
no eclipſe. In this caſe there can be no total eclipſe any where, as the moon's 
umbra does not reach the earth. According to M. du Sejour, an eclipſe can 
never be annular longer than 12“. 24”, nor total longer than 7“, 58”. 

558. The umbra xvz is a cone, and the penumbra cd? the fruſtrum of 
2 cone whoſe vertex is . Hence if theſe be both cut through their common 
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axis perpendicular to it, the ſection of each will be a circle having a common 
center in the line joining the centers of the fun and en wy * 9 
includes the umbra. 

359. The moon's mean motion about the center of che 081 is at the rate 
of about 33“ in an hour; but 33 of the moon's orbit is about 2280 miles, 
which therefore we may conſider as the velocity with which the moon's ſhadow 
paſſes over the earth; but this is the velocity upon the ſurface of the earth 
where the ſhadow falls perpendicularly upon it, it being the velocity perpendi- 
cular to Mv; in every other place the velocity over the ſurface will be increaſed 
in the proportion of the fine of the angle which Moe makes with the ſurface 
in the dire&ion of it's motion, to radius. But the earth having a rotation 
about it's axis, the relative velocity of the moon's ſhadow over any given' point 
of the ſurface will be different from this; if the point be moving in the direc- 
tion of the ſhadow, the velocity of the ſhadow in reſpect to that point will be 
diminiſhed, and conſequently the time the ſhadow 1s paſſing over it will be 
increaſed ; but if the point be moving in a direction contrary to that of the 
ſhadow, as is the cafe when the ſhadow falls on the other fide of the pole, the 


time will be diminiſhed. The length of a folar eclipſe is therefore affected by 


the earth's rotation about it's axis. 

560. Let E be the center of the earth TY, S the fun, ES the ecliptic, to 
which draw ET perpendicular; join TS, and draw T parallel to ES; let Ln 
be the diſtance of the center M of the moon xy in conjunction from the ecliptic 
at the time it touches the circle vz repreſenting the apparent magnitude of 
the ſun, whoſe center s is in TS; and let Ln interſect To in 7. Then LM 
Lt—ts+5m; or if we take the angles under which theſe lines appear as ſeen 
from the earth, Lt is meaſured by the angle Lt, or TLE the hor. par. of 
the moon, 7s is meaſured by tT's, or TSE the hor. par. of the ſun, and m 
is the ſum of the apparent ſemidiameters of the ſun and moon; hence 
the angular diſtance LM = hor. par. (- hor. par. © + ſemid. © + ſemid. . 
According to M. Cass1n1, if the latitude of the moon at the time of the 
ecliptic conjunction exceed this quantity by 28”, there can be no eclipſe ; but 
if it do not exceed it by more than 26” thn muſt be an eclipſe. Or the 
ecliptic limits may be found thus. Find (545) the time of the mean conjunc- 
tion, and at that time find the ſun's mean longitude, and alſo the longitude 
of the moon's node; and if the difference of theſe be leſs than 215, but greater 
than 15* there may be an eclipſe ; but if the difference be leſs than 1 5*, there 
muſt be an eclipſe, according to M. CAssIx I. The ecliptic limits may alſo be 


found in this manner. Let NE be the ecliptic, NM the moon's orbit, Lr 


the radius of the earth, and mr the radius of the moon's penumbra juſt paſſing 
by the earth and touching ut, and draw Lv perpendicular to LN; then Lm 
when 


. 
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when greateſt is 19. 34. 27's and taking the m_- N= Ly 17, we have, fin. 

o* 7: : rad. :: fin. 1. 34. 27” : fin. NL = 17. 21'. 27”, and as the value of 
mv is only g', we may take this value of LN to be the earth's diſtance from 
the node at the time of the ecliptic conjunction; if therefore that diſtance be 
leſs than 17%. 21'. 27” at the time of the ecliptic conjunction, there may be an 
eclipſe. 

561. An eclipſe of the ſun, or rather of the earth, without reſpe& to any 
particular place, may be calculated exactly in the fame manner as an eclipſe of 
the moon, that is, the times when the moon's umbra or penumbra firſt touches 
and leaves the earth ; but to find the times of the beginning, middle and end 
at any particular place, the apparent place of the moon, as ſeen from thence, 
muſt be determined, and conſequently it's parallax in latitude and longitude 
muſt be computed, which renders the calculation of a ſolar eclipſe extremely 
long and tedious. We ſhall endeavour to render the whole operation as clear 


as poſſible, by precept and example. 
To Calculate an Eclipſe of the Sun for any aries Place. 
562. Having determined ( 560) that there will be an eclipſe ſomewhere upon 


the earth, compute, by the Aſtronomical Tables, the true longitudes of the 
ſun and moon, and the moon's true latitude, at the time of mean conjunction 


(544); find alſo the horary motions of the ſun and moon in longitude, and 


the. xaoon's horary motion in latitude ; and compute the time of the ecliptic 
conjunction of the ſun and moon, in the ſame manner (546) as the time of the 
ecliptic oppoſition was computed. At the time of the ecliptic conjunction, com- 
pute (547) the ſun's and moon's longitude, and the moon's latitude ; find alſo 
the equatorial horizontal parallax of the moon from the Tables of the moon's 
motion, and reduce it (173) to the horizontal parallax for the given latitude, 
from which ſubtract the ſun's horizontal parallax, and you get the horizontal 


parallax of the moon from the fun ; reduce alſo (173) the apparent latitude of 


the place on the ſpheroid to the latitude on a ſphere. 

563. To this reduced latitude of the place, and the correſponding horizon- 
tal parallax of the moon from the ſun, (which we here uſe inſtead of the hori- 
zontal parallax of the moon, as we want to find what effect the parallax has 
in altering their apparent relative ſituations,) at the time of the ecliptic 
conjunction, compute (164) the moon's parallax in latitude and longitude from 
the ſun ; the parallax in latitude apphed to the true latitude gives the apparent 
latitude (L) of the moon from the ſun; and the parallax in longitude ſhows 


the apparent difference D/ of the longitudes of the ſun and moon. 
564. Let 
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564. Let $ be the ſun, EC the ecliptic; take S D, draw MN perpen- 
dicular to MS, and take it = IL, then N is the apparent place of the moon, 
and SM = / D*+T is the apparent diſtance of the moon from the ſun. 


565. If the mocn be to the eaft of the nonageſimal degree, the parallax 


increaſes the longitude; if to the weſt, it diminiſhes it; hence if the true longitudes 
of the ſun and moon be equal, in the former caſe the apparent place will lie 
from S towards E, and in the latter towards C. To ſome time, as an hour, 
after the true conjunction if the apparent place be towards C, or if the moon 
be to the weft of the nonageſimal degree; or before the true conjunction if the 
apparent place be towards E, or if the moon be to the ea of the emen 
degree, find the ſun's and moon's true longitude, and the moon's true lati- 
tude, from their horary motions; and to the ſame time compute the moon's 
parallax in latitude and longitude from the ſun ; apply the parallax in latitude 
to the true latitude, and it gives the apparent latitude (/ of the moon from the 
ſun ; take the difference of the ſun's and moon's true longitude, and apply the 
parallax in longitude, and it gives the apparent diſtance (d) of the moon from 
the ſun in longitude. From S ſet off SP = d, and to EC erect the perpendi- 
cular P equal to I, and & is the apparent place place of the moon at one hour 


from the true conjunction; and $2, Vd is the apparent diftance of 
the moon from the ſun ; draw the ſtraight line N, and it will repreſent the 
relative apparent path of the moon, conſidered as a ſtraight line, in general it 


being very nearly ſo ; it's value alſo repreſents the relative horary motion of the 


moon in the apparent orbit, the relative horary motion in longitude being MP. 

566. The difference between the moon's apparent diſtance in longitude from 
the ſun at the time of the true ecliptic conjundtion, and at the interval of an 
hour, gives the apparent horary motion r in longitude of the moon from the 
ſun; the difference 7 between the true longitude at the ecliptic conjunc- 
tion, and the moon's apparent longitude i is the apparent diſtance of the moon 
from the ſun in longitude at the true time of the ecliptic conjunction; hence, 
r : D :: 1 hour : the time from the true to the apparent conjunction, conſe- 
quently 1 we know the time of the apparent conjunction. To find whether this 
time is accurate, we may compute (from the horary motions of the ſun and 
moon) their true longitudes, and the moon's parallax in longitude from the 


ſun, and apply it to the true longitude and ir gives the apparent longitude, and 


if this be the ſame as the ſun's longitude, the time of the apparent conjunction 
is truly found; if they be not the ſame, find from thence the true time, as 
before. To the true time of the apparent conjunction, find the moon's true 


latitude from it's horary motion, and compute the parallax in latitude, and you 


get the apparent latitude at the time of the apparent conjunction. Draw SA 


a to CE and equal to this apparent latitude; then the point A will 
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probably not fall in NA; firſt let it fall in QN, to which draw SB perpendicular, 
and NR parallel to PM. Then knowing NR (= PM), and N (= P 
MN), we have | 


NR: R9 :: rad. : tan. MR, or ASB 
Sin. WR: rad. :: R: 9N 


The time of deſcribing N in the apparent orbit being equal to the time from 
M to P in longitude, NY, is the horary motion in the apparent orbit. 


Rad.: fin. ASB :: AS : AB. 
Rad.: cos. ASB :: AS : SB. 


567. At the apparent conjunction the moon appears at A, which time (566) 
is known; when the moon appears at B, it is at it's neareſt diſtance from the 
ſun, and conſequently the time is that of the greateſt obſcuration, (uſually 


called the time of the middle,) provided there is an eclipſe, which will always 


be the caſe when SB is leſs than the ſum of the apparent ſemidiameters of the 
ſun and moon. If therefore it appears that there will be an eclipſe, we proceed 
thus to find it's quantity, and the beginning and end. As we may conſider 


the motion to be uniform, QN : AB:: the time of deſcribing N: the time 


of deſcribing AB, which added to or ſubtracted from the time at A, (according 
as the apparent latitude is decreaſing or increaſing,) gives the time of the 
greateſt obſcuration. Or inſtead of taking M, and the time of deſcribing it, we 
may take An (569) and the correſponding time, which will be more accurate. 
568. From the ſum of the apparent ſemidiameters of the ſun and moon 
ſubtract BS, and the remainder ſhows how much of the ſun is covered by the 
moon, or the parts deficient ; hence, ſemid. &: parts deficient :: 6 digits: the 
digits eclipſed. If SB be leſs than the difference of the ſemidiameters of the 
ſun and moon, and the moon's ſemidiameter be the greater, the eclipſe will be 
total; but if it be the 4%, the eclipſe will be annular, the fun appearing all 
round the moon; if B and & coincide, the eclipſe will be central. 


569. Let A fall out of M; and to increaſe the accuracy, near to the appa- 


rent conjunction, that is within 10 or 15 minutes, calculate the apparent 
longitude m of the moon from the ſun, and the apparent latitude n; draw 
ur parallel to Sm; and in the triangle Aur, find the angle Aur which is equal 
to ASB, and compute SB, AB as before. But except in caſes where very great 
accuracy is required, this is unneceſſary. If Ng were a perfect ſtraight line, 
the firſt operation would give the correct values of 4B, BS. KEPIER, 
in an eclipſe in 1598, found a curvature of more than 3“ in three hours, be- 
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cauſe the moon was very near the nonageſimal. In the eclipſe in 1764, 
M. de la LAN DE found a curvature of 26”, but he does not ſay in what time. 


It is owing to this circumſtance, that is, the curvature of Ng, that it is neceſ- 


ſary to find another point near to A, in order to determine accurately the 
values of AB, SB. Having determined the value of * and the time of the 
greateſt obſcuration, we thus find the beginning and end. 

570. Produce, if neceſſary, W, and take /, S ae to the ſum a the 


apparent ſemidiameters of the ſun and moon, at the beginning and end reſpec- 


tively; then BY = / SY/*— SB ( being now ſuppoſed in V), and B =. 
VV, '; then to find the times of deſcribing theſe ſpaces, ſay, as the 
hourly motion of the moon in the apparent orbit, or N Q,: BY :: 1 hour : the 
time of deſcribing VB; and N: B :: 1 hour: the time of deſcribing BM, 
which times reſpeQively ſubtracted from and added to the time of the greateſt 
obſcuration, give nearly the times of the beginning and end. But if accuracy 
be required, this method will not do; for it ſuppoſes V to be a ftraight line, 
which ſuppoſition will cauſe errors, too conſiderable in general to be neg- 
lected, and will never do where great accuracy is required. It may however 
always ſerve as a rule to aſſume the time of the beginning and end. Hence 
it follows, that the time of the greateſt obſcuration at B, is not neceſſarily equi- 
diſtant from the beginning and end. 

571. If the eclipſe be total, take Sv, Sw equal to the 5 — of the ſemi- 
diameters of the ſun and moon, and then Bv = Bw = \/Sv*—FB)®, from 
whence we may find the times of deſcribing Bv, Bw, as before, which we may 
conſider as equal, and which applied to the time of the greateſt obſcuration- 
at-B, give the time of the beginning and end of the total darkneſs. 

572. To find more accurately the time of the beginning and end of the edtiple, 
we muſt proceed thus. At the eſtimated time of the beginning, find, from the 
horary motions, and the computed parallaxes, the apparent latitude MN of 
the moon, and it's apparent longitude M& from the ſun, and we have SN = 
S SM* + MN), and if this be equal to the apparent ſemid. « + ſemid. © 
(which ſam call $) the eſtimated time is the time of the beginning ; but if SN 
be not equal to S, aſſume (as the error directs) another time at a ſmall interval 
from it, before, if SN be 21 than 5, but after, if it be greater; to that time 
compute again the moon's apparent latitude n, and apparent longitude Sn 


from the ſun, and find Sv» = \/Sm* +mnr?; and if this be not equal to 5, pro- 
ceed thus; as the difference of S and SV: the difference of $» and SL () 
:: the above aſſumed interval of time, or time of the motion through Nu, : 
the time through L, which added to or ſubtracted from the time at . 
cording as Su is greater or leſs than SL, gives the time of the beginning. 

The 
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The reaſon of this operation is, that as Nu, aL are very ſmall, they will (266) 
be very nearly proportional to the differences of SN, Sn, and Sn, SL. But 


as the variation of the apparent diſtance of the ſun from the moon is not i 


exactly in proportion to the variation of the differences of the apparent longi- 
tudes and latitudes, in caſes where the utmoſt accuracy is required, the time 
of the beginning thus found (if it appear to be not correct) may be corrected, 
by aſſuming it for a third time, and proceeding as before. This correction 
however will never be neceſſary, except where extreme accuracy is required in 
order to deduce ſome conſequences from it. But the time thus found is to be 
conſidered as accurate, only ſo far as the Tables of the ſun and moon can be 
depended upon for their accuracy; and the beſt lunar Tables are ſubject to an 
error of 30“ in longitude, which, in this eclipſe, would make an error of about 
a minute an half in the time of the beginning and end. Hence accurate ob- 
ſervations of an eclipſe compared with the computed time, furniſhes the means 
of correcting the lunar Tables, as will be afterwards explained. In the ſame 


manner the end of the eclipſe may. be computed. 


EXAMPLE. 


To Compute the Times of the Solar Eclipſe on April 3, 1791; 
for the Royal Obſervatory at Greenwich. 


The time of the mean conjunction (544) is April 3, 2#. 58', 15” mean time, 
at which time we find a 


Mean long. of the ſuůnn . . of. 11*. 51“. 16” 
Long. of the moon's deſc. node. o. 22. 14. 44 


— 


Mean long. of © from ('s node . o. 10. 23. 28 


2 —— 


Hence (560) there muſt be an eclipſe ſomewhere upon the earth. 


To the mean time of the new moon, compute the ſun's and moon's true lon- 
gitudes, and they will be found to be o'. 135. 4. 43”, and of. 14*. 49“ 245 
compute alſo the moon's true latitude, and it will be found to be 380. 4 49 N. 
deſcending. At the ſame time, the ſun's horary motion is found to be 2“. 28”, 
the moon's horary motion in longitude is 30“. 12”, and in latitude 2”. 46” de- 
creaſing; hence the moon's horary motion in longitude from the ſun is 27. 44”. 
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By l as directed in Article 547, we find the mean time of the 


ecliptic conjunction of the fun and moon to be 3d. 04. 44. 48”, from which 
ſubtract 3“. 18” the equation of time, and it gives the apparent time 3d. 0h. 


Al. zo”; at which time, the ſun's and moon's longitude in the ecliptic is 
of. 132. 42. 14; and the moon's true latitude is 44. 59” N. deſcending. The 
horizontal parallax of the moon is 54. 46", and of the ſun, 9“ hence. the 
horizontal parallax of the moon from the ſun is 54". 37" therefore 473. 
164) the moon's parallax in longitude from the ſun is — 20“, 56", and it's 
parallax in latitude from the ſun is — 33'. 44“; hence - 20', 56” 1s the apparent 
diſtance of the moon from the ſun in longirude; alſo the apparent latitude from 
the ſun is 11'. 1 5" north. 


As the moon is to the weſt of the nonageſimal degree, aſſume 1 hour after, 


or 3d. 1h. 41. 30“, at which time (from the horary motions of the ſun and 
moon) the ſun's true longitude is found to, be o'. 13*. 44. 42", the moon's 


true longitude on the ecliptic of. 14*. 12“. 26”, and true lactude 42˙. 130 norch 


deſcending. The moon's parallax in latituge is — 30“, 43”; hence the moon's 
apparent latitude is 11“. 32”; alſo it's parallax in longitude from the ſun is 
— 28. 50”; but the moon's true longitude exceeds the ſun's by o. 27". 44”; 
therefore the apparent diſtance of the 'moon from the ſun in longitude is 


I * 6” Hence 


Moon's | apparent dit. 16 long. at of. 41“ 39=—20'. 56" 
LUCW_S TS 


Apparent hor. mot. « from © in long.. . 19. 50 g MP, 


1 — 


Hence 19/. 50“: 20'. 56” :: 1 hour: 1h. 3“. 20”, which added to the time 
of the true conjunction of. 41'. 30”, gives 14. 445 50%, the time of the appa- 
rent conjunction. Alſo the apparent horary motion in latitude is 17“ = R; 
hence M is very nearly equal to MP. 


At this time (from the horary motions) the ſun's true longitude 1 is found to 


be o'. 13%. 44. 50“, the moon's o'. 145. 14. 7“, and the moon's true latitude 
42. 4"; hence the moon's true longitude is greater than the ſun's by 20; 17" 
The moon s parallax in latitude from the ſun is — 30 . 32”, and in longitude 
- 29“. 15”; hence the moon's apparent latitude i is 11% 32% north; alſo the ap- 
Parent longitude. from the ſun is 29“. 17” 29. 15” = 2”, which is what the 

moon's apparent longitude exceeds the ſun's true longitude. 
This difference ſhows the apparent conjunction, found above, to be very 
nearly true; and to get it accurate, ſay, 19“. 50“: 2” :: 1 hour : 6“ which 
| | | | (as 
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(as the moon's apparent longitude is the greater) ſubtra&ed from 15. 44'. 50” 


gives 1h. 44. 44”, the true time of the apparent conjunction, at which time the 


moon's apparent longitude is o“. 14*. 44 50”, the ſame as the ſun's true lon- 
gitude, that not having ſenſibly varied in-6” of time. The apparent latitude 


is 11“. 327,25, Now at 14. 41', 30“ the moon's apparent diſtance in longitude 


from the ſun has been ſhown to be 1“. 6”; and at 14. 44. 44 the longitude 
of the ſun, and the moon's apparent longitude are equal; therefore in 30. 14” 
the apparent motion of the moon from the ſun was 1'. 6”= 66”; let this = &m, 
or ur; alſo at 1. 47. 30%, the apparent latitude mu = 11. 32", and at 
14. 44. 44 it was 11'. 322 5 SA; therefore Ar =0",25. Hence 


66“ : 0% 25 :: rad. : tan. Anr, or SAB=1 5. 1. 


As the angle Aur is ſo very ſmall, we may take An ru = 66” withont any 
ſenſible error; and for the ſame reaſon SB may be taken = SA = 11'. 32”. 


Rad. : fin. IF. © 21 UL, 32” : AB=2",6. 


Hence An=66" : AB=2",6 :: 30. 14” : 8” the time through BA, which taken 
from 1h. 44. 44” gives 1h. 44. 36” the time of the greateſt obſcuration at B. 

The moon's horizontal femidiameter is 14. 56”, and it's altitude at the- 
time of the greateſt obſcuration (determined by a globe, which is ſufficiently 


near for this purpoſe) is about 387; hence the augmentation of the diameter is 


MH 


9“, conſequently the apparent ſemidiameter of the moon is 15". 5”, which 
added to 15. 59” the ſun's ſemidiameter, gives 31'. 4”, from which ſubtract 
SB =I“. 32”, and the remainder is 190. 32” the parts deficient ; hence 15. 59” 

: I9'. 32” :: 6 digits: 7d. 19“. 57“ the digits eclipſed at the time of the 
_ greateſt obſcuration. 5 | | 
To find the time of the beginning, we muſt firſt get the time (570) nearly. 


The value of SB = 11'. 32” = 692”; and as the apparent ſemidiameter of 


the moon is now 15'. 6“, we have SF = 31. 5“ = 1865”; hence BY = 
1732“. Now as MP is, in this caſe, nearly equal to N, we may, for the 


purpoſe we here want it, aſſume the apparent horary motion of the moon 


from the ſun in the apparent orbit equal to that in longitude, which is 19/. 50” 
=1190”; hence 1190“: 1732” :: 1 hour: 14. 27. 20”, which ſubtracted from 
1. 44. 36” (the time at B) gives of. 17”. 16” the time of the beginning, nearly. 
Let us therefore aſſume the beginning at oh. 17', at which time we find (from 
the horary motions of the ſun and moon) the ſun's true longitude to be 
of. 13% 41“. 15”, and the moon's of. 135. 29“. 55”, whoſe difference is 11'. 20” 
their true diſtance in longitude ; but the moon's parallax in longitude is 
b | 177 
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17145; hence their apparent diſtance in longitude i 39; 52 1745”. At 
the ſame time the moon's true latitude is 46'. 7”, and it's parallax in latitude 
35-110"; hence the apparent latitude of the moon from the ſun is 
e. $94" therefore & V= 75 1745 + 657* = 1864 = : 37 45 which being 
teſs than 31 ſhows that the eclipſe is begun. 

Let us next aſſume o#. 16 and by proceeding i in the ſame manner, we find 


85 1885” =3r' 23”; ; therefore the eclipſe i 1s not begun. 


Hence 31“, 23% 310. 4. 19“: 31.5" — 31.4" 1“ :: 1 minute: 3 „ which 
fabiraRted from 0h. 17, gives oh. 16. 57" for the beginning of the eclipſe. 

If to 14. 44, 36“ we-add'1h. 2. 20”, we have 34. 11'. 56”; we will therefore 
aſſume 34. 12/ for the end; and by proceeding as before, we find the apparent 
diſtance of the moon from the ſun in longitude to be 300. 37”, and the moon's 
apparent latitude 10'. 48”; hence the moon's apparent Jifiaace from the ſun is 
1837 + 649 = = 1948” = 320 28”; but the ſum of the apparent ſemidia- 
meters of the fun and moon is now 3“. 2”; conſequently the eclipſe is ended. 

Let us next afſume the time 34. 6', and the apparent diſtance of the moon 
from the ſun in longitude is 28', 28”, and in latitude 10'. 55”; hence the 
moon's apparent diſtance from the ſun is V 17081＋655 = 1829“ = 30'. 29", 
therefore the eclipſe 1s not ended. 

Hence 32“. 28” — 300. 29/1. 59”: 31'. 2” — 3O', 29” = 33 1 . 39“ 
which added to 34. 6, gives 34. 7'. 39“ for the end. 

Hence at the Royal Obſervatory at Greenwich, the Tables give the times 


of the eclipſe on April 3, 1791, 


Beginning . + . . 16,70 

Greateſt obſcuration 1. 44. 36 ö apparent time. * 1 
1 7. 9 % 

Digits eclipſed 7% 19. 57 


If it be required to ide the eclipſe for any other place, inſtead of the 
latitude of Greenwich uſe the latitude of the place; and reduce the apparent 
time at Greenwich to the apparent time at the place, according to the diffe- 


rence of the meridians. 
573. To find what point of the ſun's limb will firſt be touched by the moon, 


let P be the pole of the ectiptic ES, Z the zenith, S, M, the centers of the 


ſun and moon when their limbs are in contact at a, and draw MD perpendi- 
cular to ES. By Art. 164, PZ is the altitude of the nonageſimal degree, and 
S is the ſun's diſtance from that point, both which are found in the com- 
putation of the parallax; alſo MD is the apparent latitude of the moon; hence 


Rad. 
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Rad.: tan. PA:: ſin. SSE tan. ben 2035 
Fan, SM d. aun. PS cos. l ae 


7 Ty -x 


If L be the 3 of. aha Damage + roo tg ben 28002 — ese x. PS 
when the ſun's longitude is between L and Z+ 180?; otherwiſe;ZSD O tt 


BSE; and Z SD MSD (according as the moon's viſible latitude is ſouth or 
north) gives 2 SM the diſtance of the point of the limb of the lun firſt toughed 
by the moon from the higheſt Point of the ſun's diſc. 


In this eclipſe, PZ = 50. /, and SPE = 455 16˙ hende NS = 29e 35 1 
which {in this caſe) added to 90? gives 117% 3=£8SD; allo DSM = 209. 42 
which (as the moon's: apparent latitude. is north) ſubtracted from 114% 3“ gives 


Z SM 969. 21, the moon's diſtance from the zenith of the ſun at the begin- 
ning of the eclipſe. In like manner, the diſtance} at the middle and end of 
the eclipſe may be found, and thence the apparent path of the moon over the 
ſun's diſc in reſpect to the horizon may be deſcribed (578). 


574. In the computation of this eclipſe, the moon's true latitude and lon- 


gitude was at firſt computed from the Tables, and afterwards determined from 
the horary motions; but as the horary motions may be ſubject to a ſmall vari- 


ation in the duration of an eclipſe, in caſes where the utmoſt accuracy is re- 
quired, the true latitude and longitude ſhould be computed every time from 
the Tables; in ſuch caſes, the decimals of the ſeconds ſhould alſo be taken into 
conſideration, which in this Example were omitted. When we want only to 


predict an eclipſe, the method here practiſed will always be ſufficiently accu- 
rate, the error being always very ſmall, compared with the error to which the 
Tables are ſubject, which may, at it's maximum, be 30“ in longitude. We 


have followed the ſame method in computing the occultation of a fixed ſtar 
by the moon; that computation therefore may, if neceſſary, be rendered more 


correct, in the ſame manner. 


To conſtruct a Solar Eclipſe, by the Principles of Projefion delivered in 
die laſt Chapter. 


575. According to this projection 541), the apparent ellipſe deſcribed by 
any point on the earth's ſurface, to any eye at the center of the ſun, is projected 
upon a plane at the moon perpendicular to a line joining the earth and ſun; 


and the point of the ellipſe of projection, correſponding to any point of the 
other ellipſe where the ſpectator is, is the point where the center of the 


ſun appears to the ſpectator. The center of projection is in the ecliptic. 


If the lunar orbit be proper laid down and divided, ſhowing where the cen- 
er 
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ter of the moon is at any time, we ſhall then have the relative ſituation of the 
centers of the ſun and moon at any time ſeen from the given place of the ſpec- 
tator. From theſe principles of projection, we thus conſtruct the ſolar eclipſe 


which we have here calculated ; AVI * ne as are neceſſary, from 


that calculation 

576. Take (541) a DPI OE equal to 54. 37 the difference o the ſun's 
and moon's horizontal parallaxes, and divide it mto minutes, and deſcribe the 
ſemicircle EG repreſenting half the circle of projection, EOC repreſenting 
the ecliptic, to which draw OG perpendicular. Find (536) P the projected 
north pole; from the ſcale OE, take Or = 54. 37 x fin. lat. * cos. dec. and 
in a line perpendicular to Or ſet off both ways 16 x cos. lat. and rm = rn 
— h x cos. lat. x fin. dec. and deſcribe the ellipſe: #646, and divide it into 
hours, by Art. 536; and then ſubdivide thoſe hours which you will want to 


make - uſe of, as far as you convemently can for the fize of the figure. 


From the ſcale take Ov equal 44'. 59”, the moon's true latitude north de- 
ſcending at the time of the ecliptic conjunction, and draw LVM making an 
angle with Ov equal to 840. 187, the complement: of the angle which the rela- 
tive orbit makes with the ecliptic, on the /zf# ſide, if the latitude be north or 
ſouth decreaſing, and on the right, if increaſing; in this Example, it is on the 
left fide; and LMH will repreſent the moon's relative orbit. Mark upon the 
moon's orbit at the point v, 41'. 30“, that being the time after 12 o'clock at which 


the true ecliptic conjunction happens; and with an extent = 27. 52”, the horary 


motion of the moon from the ſun in it's relative orbit, ſet off the hours each 
way from v, and ſubdivide them into minutes, or as far as the ſize of the figure 
will permit. Now to find the time of the middle of the eclipſe, take the com- 
paſs, and find, oy trial, what two correſponding times, as at x and æ, upon the 
ellipſe and moon's orbit are neareſt together, which will: give the time of the 
greateſt obſcuration, becauſe the centers of the ſun and moon are then at the 
leaſt diſtance. To find the time of the beginning, take, with the compaſs, from 
the ſcale an extent equal to 310. 5”, the ſum of the ſemidiameters of the ſun 


and moon, and by trial find two correſponding times, as\at s and 7, at that diſ. 


tance, and it gives the time of the igt. and if you find two correſponding 
times, as at y and w, at the diſtance 31“. 2”, the ſum of the ſemidiameters at 
the end, it gives the time of the end; or you may omit the variation of the 
diameter of the moon in the interval. For the beginning muſt be when 
the centers of the ſun and moon arrive at the diſtance of the ſum of 
their ſemidiameters; and the end muſt be when they have receded till they 
have got to that diſtance. To find the digits eclipſed at the greateſt obſcura- 


tion, take en from the ſcale, and ſay, ze : ex ::.6 digits: the digits eclipſed. 


To find the digits eclipſed at any other time, take, with the compaſs, the interval 
at 
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At a time on the ellipſe and on the moon's orbit, and apply it to the ſcale, 
and then ſay, ze: that diſtance :: 6 digits: the digits eclipſed. | 

577. If by taking the interval of two correſponding times, it appears that 
it is always greater than .the ſum of the ſemidiameters of the ſun and moon, 
it ſhows that there will be no eclipſe at that place. 

578. From this conſtruction, the poſition of the moon in reſpect to the 
zenith of the fun's diſc may be found, and thence the apparent path of the 
moon over the ſun in reſpect to the horizon. For (540) a line drawn from O 
to any point of the ellipſe, where the ſpectator is, being vertical, from the prin- 
ciples of the projection, the angles Ots, Oxx, Oy, ſhow the angular diſtance 
about the center of the ſun from it's vertex to the center of the moon at the 
beginning, middle and end of the eclipſe. Hence let C be the center of the 
ſun Zů da, Z it's zenith; and make the angles 2 CP, Z C Ad, Z CR = Ors, 
Ozx, Owy in Fig. 134. reſpectively; take CP, CR equal to the ſum of the 
ſemidiameters of the ſun and moon, 4Cs = the digits eclipſed, and $2 = aP, 


and with the centers P, Q, R and radu Pa g = R$ equal to the ſemi- 


diameter of the moon deſcribe three circles, and they will repreſent the ſitua- 
tion of the moon at the beginning, middle and end of the eclipſe in reſpect to 
the vertex Z of the ſun, and conſequently in reſpect to the horizon; hence if 
we deſcribe a circle through P, Q, R, and with the ſame radius deſcribe 731 
parallel to it, it muſt very nearly repreſent the boundary of the eclipſe, or of 
the extreme yy 18 the: moon's en it 5 over the ſun, in m"_— to the 
horizon. 

579. The Alpe mer allo by thus nene Gate the projection. Aſſume 
the time at ? of beginning, as determined by the conſtruction; draw ic per- 
pendicular to OP, and join OF, Oc. The time from f to m being given, 
convert it into degrees a*; then (5: 37) fin. ax rb =tc, and cos. a* x rm = rc, 
but (535) Or is known, hence Oc is known; therefore in the right angled 
triangle Oct, we know Oc, ct, to find cO7, and Oz; but (536) POv is given, 


therefore O: + POV Or is known; alſo Ov and the angle Ovs are known 


by the ar and the time from s to v being given,” and alſo the 
moon's relative horary motion in LM, we know vs; hence in the triangle 
Ovs, we know Ov, vs and the angle Ovs, to find Os, and the angle vOs; 


hence we find 2Os = ?2Ov F vOs; and laſtly, in the triangle Os, we know 


tO, Os and the angle Os, to find 75, and if this be equal to the ſum of the 
ſemidiameters of the ſun and moon, the aſſumed time is true; if it be not 
equal to the ſum, aſſume another time for the beginning, and find another 
value of 7s, and proceed with theſe two as in Article 572. In like manner 
we may find the end But this method is not (541) ſubject to the fame ac- 
curacy as the method of calculation which we have already given. 

AAA 580. Sir 


369 


Fi6. 
135. 


F16. 
134. 


370 


ON AN ECLIPSE OP THE SUN, 


580 Sir, I, NEwToN ſuppoſes that the aberration of rays in the focus of 
a teleſcope makes the image appear greater than it ought; and hence different 
telefcopes will give different meaſures of the ſun's diameter, and conſequently 
make the eclipſe appear to begin at different times. That teleſcope which 
gives the diameter the leaſt, is the moſt perfect inſtrument. The excellent 
tranſit teleſcope at Greenwich makes the diameter of the ſun leſs by 6” than 
that given by MAYER in his Tables, as Dr. MAsKELTNE has found by his 
obſervations; The diameter of the fun aſſumed in theſe calculations has there- 
fore been taken 6" leſs than that which MAxrER determined. M. du Szjovur: 


ſuppoſes that the rays of light coming from the ſun are inflected as they pals. 


by the moon, which he attributes to the refraction which they ſuffer, in paſſing 


through the moon s atmoſphere ; on this account the apparent contact of the 


limbs will not take place fo ſoon as it otherwiſe would; this would be the ſame 
as a diminution of the moon's diameter; which of theſe hypotheſes ought to 
be admitted M. du/SzJouR endeavoured to determine from the obſervations 
of Mr. SyorT, on the ſolar eclipſe, April 1, 1764, upon the diſtance of the 
horns of the moon, but he could deduce nothing ſatisfactory from thence. 
He ſuppoſed the inflection 3291, and the diameter of the moon to be dimi- 
niſhed by the fame quantity; and calculated upon each ſuppoſition a great many 
diſtances of the horns, and compared them with the obſerved diſtances; but he 
could not decide between the two hypotheſes. An inflection of 1%8, and a 
diminution of 1“, 5 of the ſemidiameter, he found would ſatisfy fome obſerva- 
tions, and he ſeemed to think this concluſion moſt likely to be neareſt the 
truth; but he came at laſt to no determination upon the ſubject. All the 
requiſite obſervations ſeem not to be capable of being made to that degree of 
accuracy which is neceſſary to ſettle ſo nice a matter. M. du Szjour there- 
fore propoſed the following method to determine whether the rays of light 
paſſing by the limb of the moon ſuffer any deviation. Take a teleſcope 
mounted upon a polar axis, with a wire micrometer annexed to it. When 
two ſtars come into the field of view together, and one of them is to be eclipſed 
by the moon, open the wires and bring one ſtar upon one of the wires and the 
other ſtar upon the other, and thus follow the ſtars until one of them be 
eclipſed, and at the inſtant before it diſappears, obſerve whether it's diſtance 
from the other ſtar 1s changed, that is, whether it be off the wire, the other 
ſtar remaining upon it's wire; if this be found to be the caſe, the rays muſt 
have ſuffered a deviation. Traits Anahytique, pag. 420. I do not find that an 
obſervation of this kind has been ever made. 


ON AN ECLIPSE OF THE SUN, 
[ 


Tot trace out the Path on the Surface of the. Earth, where the E dipſe will be central, 
or for * number of A. | 


581. Let EACD be the enlightened hemiſphere of the earth, O the center 
of the diſc, or that point to which the ſun is vertical; ZOC the plane of the 


ecliptic, OG perpendicular to it; P the north pole; join PO, and let LM 


repreſent the path of the center of the penumbra, concerved to be upon the 
plane into which the diſc would be orthographically projected; then from the 
nature of that projection, the angles at O upon the ſurface will be equal to the 
angles into which they are projected. Now the place upon which the center 
of the moon is projected is manifeſtly that point on the earth where the eclipſe 
is central, becauſe the projection is made by lines drawn to the center of the 
ſun. Let Z be the projected center of the moon at any time, or the real center 
of the penumbra, and PB any given meridian. Now we know Ov the moon's 


latitude at the time of conjunction, and (576) the angle OvZ; and as the 


time, when the center of the penumbra is at E, is given, the time through Z v 
is known, and the relative horary motion of the moon being known, v will be 
known; hence we can find Z O, and the angle Z Ov; find (536) the angle 
POv, and we ſhall have the angle POZ. Now conſider PO and 20 
as two circles upon the earth's ſurface, then the angle PO Z between them is 
equal to the angle POZ of projection, and therefore known; alſo the arc PO 
is the complement of the ſun's declination ; and to find the arc ZO, we muſt 
conſider ZO in the projection to be the fine of the arc projected; hence the 
arc ZO is that whoſe fine is to radius as OZ to OA, therefore we know the ſine 
of the arc ZO, and conſequently we pet ZO itſelf; hence in the ſpherical 
triangle OPZ, we know PO, OZ and the angle POZ, to find PZ the com- 
plement of the latitude of the place where the eclipſe is central. Find alſo 
the angle OZ; then the time at the meridiaa PB being known, the angle 
OPB (the ſun's diſtance from the meridian) is known ; hence we know the 
angle BPZ the longitude of the point Z from the meridian PB ; ; therefore the 
latitude and longitude of Z being known, the point Z is determined where the 
ecliple was central at the given time. Make this calculation for every quarter 
or half hour, for all the time the penumbra is deſcribing de, and you will trace 
out upon the ſurface of the earth the path of the center of the penumbra, or 
that tract where the eclipſe is central. If we bring Z to d, we get the place 
where the ſun riſes centrally eclipſed; and if Z be brought to e, we ſhall find 
where the ſun ſets centrally eclipſed. If Z coincide with r, we get the place 
where the ſun 1s centrally eclipſed upon the meridian, Let y be the center of 
| AAAZ the 
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the penumbra when it firſt touches the earth, and x the center when it leaves 
the earth, and draw O perpendicular to LM. Then knowing Ov and the 
angle Ov, we can find Ow and vOto; alſo Oy= ſemid. © +ſemid. penumb. 
known; hence in the right: angled triangle O, we get the angle yOWw, and 
therefore we know yOv; and PO being already found, we know 50; 
hence in the triangle #OP, -we know 40 (go), PO, and the angle POs; 
hence we find P+'the complement of the latitnde of b; find allo OP6,. and we 
get PB the Jongitude of b, from the given meridian PB; thus we get the 
place & where the eclipſe firſt begins at the fun rifing. In like manner we Set 
. place « a where the i laſt ends at . ting... DOR ves 


ER Ii the ſolar aca . we oF Beech here. computed, let it be required 
to find that place upon the earth's. ſurface where, the ſun is centrally eclipled 
at one o'clock, apparent time at Greenwich. In this caſe, O =. 59”, and 
the angle OvZ = S'. 42, and as the time at v is 41'. 30“, and the center of 
the penumbra is at Z at one o'clock, the time through vZ = 19“ 30% which 
gives E = g. 3“; hence ZO = 35". 59", the angle OZv 81“. 22“ and Zou 
= 13*./56'. - Now the. radius S san hence the arc OZ upon the 
furface (correſponding to it's projection 35. 59% = 41%, 4 alſo PO = 
849. i he and (536) POv S ag“. 22; hence POE = 9265 conſequently 
PZ = 45˙ '43',: the complement of which is 44. 17 the latitude of the 
place ; alſo ZPO = '. 51; but at one o'clock apparent time at Greenwich, 
it's meridian BP makes an angle of 15 wthe®Q, Greenwich being upon that 


| meridian at 12 o'clock ; hence BPZ'= 23*. 51, the longitude of the place, 


weſt from mee 1 ne manner may any of the other ee be 
ee , 'S% | . 


582. Draw OH — — to LM, and take-ve = = ve + cane to the ſum 
of the ſemidiameters of the ſun and moon, and draw de, xe y parallel to LM; 

then df and xy will mark out the boundaries of che eclipſe, or the places where 
the limbs of the ſun and moon juſt appear in contact. So that if we take the 
moon at any place Z, and draw Zr perpendicular to df, and compute the lati- 
tude and longitude of the point r in the ſame manner as we did that of Z in 
the laſt Article, it will give the place where the limbs of the ſun and moon 


appear in contact outwardly. If we take Zr on the other ſide of LM, we ſhall, 


on that ſide, get the place where they appear in contact. If we do this for 


every quarter or half hour, we ſhall trace the path over the ſurface of the earth 


where the limbs of the fun and moon appear in contact, or the boundaries of 
the eclipſe; thus we can lay down upon the earth's ſurface that tract over 


be 
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be taken equal to three of them, for inſtance, and t&s be drawn parallel to 
LM, and the place of 'r' be computed, it gives the place where the ſun will 
be three digits eclipſed ; and in like manner as before may the tract on the 
earth's ſurface be marked out where the ſun will appear three digits eclipſed ; 
in the ſame manner, we may trace out the path for any number of digits. If 
va = ub, and ab be the difference between the apparent diameters of the fun 
and moon, and waz, g be drawn parallel to LM; then if the diameter of 


the moon be greater than that of the ſun, the ſpace between ws and g is the 


limit for the total eclipſe ; but if the diameter of the ſun be the greater, it will 
be the limit of the annular eclipſe. This method of delineating the lines of 
the phaſes upon the earth's ſurface ſuppoſes that the apparent neareſt diſtance 
of the centers of the ſun and moon, or of the correſponding horns upon the 
relative orbit of the moon and upon the ellipſe, is in a line perpendicular to 
the moon's relative orbit ; but this is not accurately true, and therefore the 
delineation cannot be accurate. This line will have different poſitions at dit- 
ferent places for the ſame phaſe. M. du Szjour propoles therefore to take 
the mean angle. He found an error of 3*. 33',5 in longitude, and of 35, 49” 
in time of the contact, for the latitude of 16*. 57, by ſuppoſing it to happen 
upon a perpendicular to the relative orbit. 
583. M. dela LanpDe has given the following graphical method. Draw 
LM on a ſeparate piece of paper, and divide it, ſo that by moving it you may 
bring any hour to v. Then if, for inſtance, the orbit be moved to the right till 


the time of falling on v be one hour later than that for which the conſtruction 


was firſt made, it is in a proper poſition for a place 15 to the eaſt of that 
place. Let pq be any parallel of latitude, and divide it into hours, &c. then 
move the orbit LM until, with an extent of compaſs equal to the ſum of the 
ſemidiameters of the fun and moon, you can make the points fall on the ſame 
hour both on pg and LM, and at the fame time that it ſhall be the ſhorteſt 
diſtance between any two correſponding hours on pg and LM; then the dif- 
ference of the hours ſhown at v in conſequence of the removing of the orbit 


ſhows the longitude of the place from that for which the projection was made, 


and the parallel pq ſhows the latitude ; therefore the place on the earth's furface 
is determined where the limbs juſt come into contact, and alſo the time. This 
we may repeat for as many parallels of latitude as we pleaſe, and thus trace 
out the curve on the ſurface of the earth where the limbs juſt come into con- 
tact, In like manner, if we take an extent of compaſs , of the ſun's diameter 
| lefs, we may trace out the path where the ſun is one digit eclipſed ;- and fo for 
any other phaſe. | 

584. But the general phænomena may be much more eaſily, and with ſuft- 


ficient accuracy, determined by a common globe thus. Bring the ſun's place 
S tO 
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$ to the brazen meridian PV, ſet the hour index to 12, and bring the ſun to 
the zenith; and from that point on the globe, extend a thread SY perpendi- 
cular to the ecliptic EC. Upon a ſmall ſtraight rod LM let there be a 


moveable circle adbm, whoſe center r is in the middle of the rod, and let it's 


radius be to the radius of the globe as the ſemidiameter of the penumbra is to 
the horizontal parallax of the moon. Let there be two moveable upright 
pieces attached to the horizon of the globe, and capable of being fixed at any 
two points ; at a diſtance Sv equal to the moon's latitude at the time of the 


ecliptic conjunction, let the rod LM cut the thread in a plane touching the 


globe at S, and making an angle Mus equal to the angle which the relative 
orbit makes with a perpendicular to the ecliptic, as before directed; and in 
this ſituation let the rod be fixed to the above mentioned pieces attached to 
the horizon; let alſo LM be divided (as in Art. 576.) into time, the time at 
the point v being that of the ecliptic conjunction; and let the horizon of the 
globe be fixed exactly parallel to the horizon; and upon a fine thread ab ſuſ- 
pend a ſmall conical weight, with an acute vertex Bevery thing being thus 
prepared, we proceed thus; firſt premiſing, that the circle TEYC (coinciding 
with the horizon of the globe) contains all the places where the ſun 1s in the 
horizon, the weſtern hemiſphere containing thoſe where the ſun 1 is rifing, and 
the eaſtern where the ſun is ſetting. * 

Carry the center of the penumbra to r where you find, by ſuſpending the 
line from it's periphery, that it's projection would juſt touch the earth at 7; 
then turn the globe till the index ſhows the ſame hour as the point r, and the 
point ? at that time is the place firſt touched by the penumbra, and the eclipſe 
there begins at ſun riſe. Carry the center of the penumbra to , a quarter of 
an hour forwards for inſtance, and ſet the globe again to that time; and with 
the line find the points x, , where the projection of the circumference of the 
penumbra would interſect the circle TCFE, and x, , are two other points 


where the eclipſe begins at ſun riſe. By proceeding thus through the weſtern 


part, we may find as many points as we pleaſe where the eclipſe begins at ſun 
rife, and by drawing a curve through them, we get the tract on the earth's 
ſurface where the eclipſe begins at the riſing.of the ſun. But when x comes 
into the eaſtern part, we get the places where the eclipſe begins at ſun ſer ; 
conſequently the curve paſſing through them is a continuation of the curve 


which paſſes through all the places where the eclipſe begins at ſun riſing, pro- 


vided the whole of the penumbra does not fall upon the earth at the middle of 
the eclipſe; that is, if O be the middle of the general eclipſe, and OT be per- 
pendicular to LM in the projection, when OT is leſs than the radius (N of 


the penumbra. If OT = R, the curves touch, and if OT be greater than R, 


they are ſeparated ; becauſe the penumbra then paſſes over a part of the earth 
after 
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after it leaves the weſtern ſide before it comes to the eaſtern, and therefore in 
that interval the ſun is not eclipſed to any part of the circumference TEFC. 


Draw bra perpendicular to LM, and ac parallel to it; and when w comes 


to c, the interſection manifeſtly begins to go back, and the part adb will then 
cut TCy, and therefore the interſections will ſhow the points in the horizon 
where the eclipſe ends at ſun ſet; for the velocity of the penumbra being greater 
than that of the earth about it's axis, the penumbra muſt leave the point which 
it then touches. And for this reaſon the eclipſe begins where Sta cuts TCF. 
Hence as c is a point where the eclipſe ceaſes to begin at ſun riſe and begins 
to end at ſun ſet, the curve ſhowing the places when the eclipſe begins at fun 
riſing is continued into the curve which ſhows the places where the eclipſe 
ends at ſun rifing ; and as x and 2 meet again on the eaſtern ſide of the earth, 
the curves there meet again. When therefore OT 1s leſs than R, we have a 
curve in the form of Fig. 139. The velocity of the parts of the earth, from 
it's rotation, being greateft towards the equator, the ovals will be more open 


towards A and B than towards C. 
If OT=R, the two ovals touch as in Fig 140; but that neareſt the pole 


is double. | 

It OT be greater than R, the two ovals will be detached as in Fig. 141; but 
if the perpendicular Dx on LM (in the projection,) be leſs than R, the oval 
neareſt the pole will be double. Two curves AB, CD touching the ovals, and 
formed by the projection of à and &, will ſhow where the limbs of the ſun and 
moon were in contact. | 
If LM fall beyond the earth, or if O lie on the other fide of T, the curve 
will be like Fig. 139. until D be greater than R, in which caſe, the curve 
becomes a ſimple oval; and when OT = R, the oval vaniſhes. Theſe cir- 
cumſtances, which were given by M. de LAM BRE, appear from this method 


of delineation. 


The projection of ba will give the middle of the eclipſe. The weſtern part. 


of TCY which is cut by 5 in the projection is the point where the eclipſe is in 


the middle at ſun riſe ; and where the eaſtern part of the horizon is cut by it, 


it ſhows the point where the middle of the eclipſe is at ſun ſer. When à comes. 


to c, the globe being adjuſted to that time, c is a point of the former kind, but | 


here the eclipſe is only for a moment, or rather there is no eclipſe, the moon's 
limb only touching that of the ſun. As the umbra advances, ab will cut 707 
at ſome other point, as w; to the time denoted by the center r, adjuſt the 
globe, and 1s the place upon the earth where the middle of the eclipſe is. at 
ſun riſing. And thus we may find any number of ſuch places, and draw a. 
curve, as B DA, paſſing through all the places where the middle of the eclipſe 


is at the riſing of the ſun. As the line, in this caſe, muſt be ſuſpended from 
8 ba, 
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ba, it will be more convenient to have the penumbra divided into two parts 
through ab, ſo that they may be ſeparated. 

To trace out the center of the penumbra over the earth, bring, by the line, 
the center to coincide in the projection with TCY at e, and adjuſt the globe 
to that time, and e will be the place where the center of the umbra firſt 
touches the earth. Carry on the penumbra, a quarter of an hour for inſtance, 
and adjuſt the globe to the time, and project the center upon the earth, and 
it gives the point where the eclipſe is central at that time. Find thus as many 
points as you pleaſe, and draw a curve through them all, and you get the path 
of the center of the penumbra over the earth, ſhowing all thoſe places where 
the eclipſe was central. 

If the penumbra be formed by 12 equidiſtant concentric wires, the phæno- 
mena of any one of the digits may be traced out in the ſame manner; that is, 
we can find, for inſtance, all the places where the ſun is three digits eclipſed 
at it's riſing and ſetting, and the tract where the ſun is three digits for the 
time of the eclipſe. The globe here uſed ſhould be one which has the hours 
marked on the equator. 

The method of tracing out the different curves was, I dene firſt given by 
M. de la CaiLLE in his Aſtronomy. M du Svjovur has given an analytical 
method of laying down the curves in his Traité Analytique. But theſe are 
matters rather of curioſity, than of any real uſe in Aſtronomy. If we place 
the circle ETC perpendicular to the horizon, and vertical to S a ftrong 
lamp be fixed in the principal focus of a double convex lens, ſo that the rays 
may be thrown parallel upon the globe and perpendicular to ETCY, the 
ſhadow of the penumbra will give the points of projection required, inſtead of 
the plumb line. Thus we make a common globe anſwer the purpoſe of an 
Eclipfareon, invented by Mr. FErxevsoNn, and deſcribed in his Aſtronomy. 

585. As there are not many perſons who have an opportunity of ſeeing a 
total echpſe of the fun, we ſhall here give the phenomena which attended that 
on April 22, 1715. Captain STAnNYAN, at Bern in Switzerland, ſays, 
the ſun was totally dark for four minutes and an half; that a fixed ftar and 
planet appeared very bright ; and that it's getting out of the eclipſe was pre- 
ceded by a blood-red ſtreak of light, from it's left limb, which continued not 
longer than fix or ſeven ſeconds of time; then part of the ſun's diſc appeared, 
all on a ſudden, as bright as Venus was ever ſeen in the night; nay brighter, 
and 1n that very inſtant gave a light and ſhadow to things, as ſtrong as moon 
light uſed to do.” The inference drawn from theſe phenomens is, that the 
moon has an atmoſphere. 

J. C. Facis, at Geneva, ſays, there was ſeen, during the whole time of 
the total immerſion, a whiteneſs, which ſeemed to break out from behind the 

moon, 
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moon, and to encompaſs it on all fides equally; it's breadth was not the twelfth 


part of the moon's diameter. Venus, Saturn, and Mercury were ſeen by many; 


and if the ſky had been clear, many more ſtars might have been ſeen, and with 
them Jupiter and Mars. Some Gentlewomen in the country ſaw more than 
16 ſtars; and many people on the mountains ſaw the ſky ſtarry, in ſome places 
where it was not overcaſt, as during the night at the time of the full moon. 
The duration of the total darkneſs was three minutes.“ 

Dr. J. J. Schzuchz R, at Zurich, ſays, that “both planets and fixed 
ſtars were ſeen ; the birds went to rooſt ; the bats came out of their holes ; and 
the fiſhes ſwam about ; we experienced a manifeſt ſenſe of cold ; and the dew 
fell upon the graſs. The total darkneſs lafted four minutes.” | 

Dr. HAaLLEY,* who obſerved this eclipſe at London, has thus given the phæ- 
nomena attending it, * It was univerſally obſerved, that when the laſt part of 
the ſun remained on it's eaſt fide, it grew very faint, and was eaſily ſupportable 
to the naked eye, even through the teleſcope, for above a minute of time be- 
fore the total darkneſs ; whereas on the contrary, my eye could not endure the 
ſplendor of the emerging beams in the teleſcope from the firſt moment. To 
this perhaps two cauſes concurred ; the one, that the pupil of the eye did 
neceſſarily dilate itſelf during the darkneſs, which before had been much con- 
tracted by looking on the ſun. The other, that the eaſtern parts of the moon, 
having been heated with a day near as long as thirty of ours, muſt of neceſſity 
have that part of it's atmoſphere replete with vapours, raiſed by the long con- 
tinued action of the ſun; and by conſequence, it was more denſe near the 
moon's ſurface, and more capable of obſtructing the luſtre of the ſun's beams. 
Whereas at the ſame time the weſtern edge of the moon had ſuffered as long 
a night, during which time there might fall in dews, all the vapours that were 
raiſed in the preceding long day; and for that reaſon, that part of it's atmo- 
ſphere might be ſeen much more pure and tranſparent. 


About two minutes before the total immerſion, the remaining part of the 


ſun was reduced to a very fine horn, whoſe extremities ſeemed to loſe their 
acuteneſs, and to become round like ſtars. And for the ſpace of about a 
quarter of a minute, a ſmall piece of the ſouthern horn of the eclipſe ſeemed 

| to 


* The Ds. begins his account thus. Though it be certain from the principles of Aſtronomy, 
that there happens neceſſarily a central eclipſe of the ſun, in ſome part or other of the terraqueous 
globe, about twenty- eight times in each period of eighteen years; and that of theſe, no leſs than 
eight do paſs over the parallel of London, three of which eight are total with continuance: yet 
from the great variety of the elements, whereof the calculus of eclipſes conſiſts, it has ſo hap- 
pened, that ſince March 20, 1140, I cannot find that there has been a total eclipſe of the fun ſeen 
at London, though in the mean time the ſhade of the moon has often paſt over other parts of 


Great Britain. 
BBB 
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to be cut off from the reſt by a good interval, and appeared like an oblong 
ſtar rounded at both ends: which appearance could proceed from no other 
cauſe, but the inequalities of the moon's ſurface, there being ſome elevated 
parts thereof near the moon's ſouthern pole, by which interpoſition, part of 
that exceedingly fine filament of light was intercepted. 

A few ſeconds before the ſun was totally hid, there diſcovered itſelf round 


the moon a luminous ring, about a digit or perhaps a tenth part of the moon's 
diameter in breadth. It was of a pale whiteneſs, or rather pearl colour ſeeming 
to me a little tinged with the colours of the iris, and to be concentric with the 
moon; whence I concluded it was the moon's atmoſphere. But the great 
height of it, far exceeding that of our earth's atmoſphere; and the obſervations 
of ſome who found the breadth of the ring to increaſe on the weſt ſide of the 
moon, as the emerſion approached ; together with the contrary fentiments of 
thoſe, whoſe judgement I fhall always revere, make me leſs confident, eſpeci- 
ally in a matter whereto I gave not all the attention requiſite. 

Whatever it was, this ring appeared much brighter and whiter near the body 
of the moon, than at a diſtance from it; and it's outward circumference, which 
was ill defined, ſeemed terminated only by the extreme rarity of the matter it 
was compoſed of; and in all reſpects reſembled the appearance of an enlight- 
ened atmoſphere viewed from far: but whether it belonged to the ſun or the 
moon, I ſhall not at preſent undertake to decide. 

During the whole time of the total eclipſe, I kept my teleſcope conſtantly 
fixt on the moon, in order to obſerve, what might occur in this uncommon 
appearance, and I ſaw perpetual flaſhes or coruſcation of light, which ſeemed 
for a moment to dart out from behind the moon, now here, now there, on all 
ſides, but more eſpecially on the weſtern fide, a little before the emerſion: and 
about two or three ſeconds before it, on the ſame weſtern ſide, where the fun 
was juſt coming out, a long and very narrow ſtreak of a duſky, but ſtrong red 
light, ſeemed to colour the dark edge of the moon, though nothing like it had 
been ſeen immediately after the immerſion But this inſtantly vaniſhed upon 
the firſt appearance of the fun, as did alſo the aforeſaid luminous ring. 

As to the degree of darkneſs, it was ſuch, that one might have expected to 
have ſeen many more ſtars than were ſeen in London; the planets, Jupiter. 
Mercury and Venus were all that were ſeen by the gentlemen of the Society from 
'the top of their houſe, where they had a free horizon : and I do not hear that 
any one in town ſaw more than Capella and Aldebaran of the fixed ſtars. Nor 
was the light of the ring round the moon capable of effacing the luſtre of the 
ftars, for it was vaſtly inferior to that of the full moon, and ſo weak, that I did 
not obſerve it caſt a ſhade. But the under parts of the hemiſphere, particularly 
in the ſouth-eaſt under the ſun, had a crepuſcular brightneſs ; and all round 
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us, fo much of the ſegment of our atmoſphere as was above the horizon, and 
was without the cone of the moon's ſhadow, was more or leſs enlightened by 
the ſun's beams; and it's reflection gave a diffuſed light, which made the air 
ſeem hazy, and hindered the appearance of the ſtars. And that this was the 
real cauſe thereof, is manifeſt by the darkneſs being more perfect in thoſe places 
near which the center of the ſhade paſt, where many more ſtars were ſeen, and 
in ſome, not lefs than twenty, though the light of the ring was to all alike. 

I forbear to mention the chill and damp, with which the darkneſs of this 
eclipſe was attended, of which moſt ſpectators were ſenſible, and equally judges; 


or the concern that appeared in all ſorts of animals, birds, beaſts and fiſhes upon 


the extinction of the ſun, ſince ourſelves could not behold it without ſome 
ſenſe of horror.” 

586. At an eclipſe of the fun, the diftance between the centers of the ſun 
and moon may be found at any time with a micrometer thus. Let ACB be 
the ſun, S it's center, ADB the moon, M it's center; take the diſtance AB of 
the horns with the micrometer; then we know Ae half that diſtance, and 
knowing SA from the Tables, we have Se = VA Ae; for the ſame reaſon 
knowing AM from the Tables, we have Me = V Ae; hence SM = 
Se+eM is known. If we thus take SN, $9 the diſtances of the ſun and moon 
at any times, and calculate the apparent motion N of the moon in the in- 
terval, we may find the apparent time of conjunction. M. du Skjov found it 
neceſſary to ſubtract 3”,; from the ſemidiameter of the ſun as given in the 
Tables he uſed, in order to make his calculations agree with obſervations, 


independent of the diminution of the moon's ſemidiameter by inflection (580, 
587). In our calculations, we have taken the ſemidiameter of the ſun 3“ leſs 


than that given in MAYER's Tables, according to Dr. Mask ELVYNE's determi- 


nation. The diſtance of the centers may alſo be found by meaſuring the breadth 


Cx, which taken from Cz leaves xz; hence MS = Mx+$Sz— 2x2 is known. 

587. Admitting the infle&ion of the rays of the ſun at the moon, an eclipſe 
will begin later and end ſooner, and therefore the duration will be diminiſhed. 
For if & be the ſun, M the moon, T the ſpectator; draw Tma a tangent to 
the ſun, and let a ray 4 7 be inflected at ; then the eclipſe does not begin till 
the moon's limb gets to 4; whereas, without inflection, it would have begun 
at the line Sma; for the ſame reaſon it ends ſooner. The duration however 
of an annular eclipſe, and the breadth of the annulus is increaſed by this cauſe. 
This M. du SEJouR has found to agree with obſervation. 

588. Let Nanb repreſent the orbit of the earth, Næud the plane of the moon's 
orbit inclined to it; take N Nw = xn = nz = 17%. 21% PV Nr g n. 
11. 34, then (552, 560) all the time the earth is moving from v to ww, and 
from x to 2, it is within the ſolar ecliptic limits; and whilſt it moves from 9 
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to r, and from i to t, it is within the lunar ecliptic limits. Now if a conjunc- 
tion happen at or very near the node, there will be a great ſolar eclipſe; but 
at the preceding oppoſition, the earth was not got into the lunar ecliptic limits, 
and at the next oppoſition it will be got beyond it; hence at each node there 
may happen only one ſolar eclipſe, and therefore in a year there may happen 
only two ſolar eclipſes. 

There muſt be one conjunction happen in the time in which the nth i is 
paſſing through the ſolar ecliptic limits, and conſequently there muſt be one 
ſolar eclipſe happen at each node; hence there mu be two ſolar eclipſes at leaſt 
in a year. 

If an oppoſition Happen juſt before the earth gets into the lunar ecliptic 
limit, the next oppoſition may not happen till the earth is got beyond the limit 
on the other ſide of the node; conſequently there may not be a lunar eclipſe 
at the node; hence there may not be an eclipſe of the moon in the courſe of a 
year. When therefore there are 1 two eclipſes in a year, they muſt be both 
of the ſun. 

If there be an eclipſe of the moon as * as the earth gets within the 
lunar ecliptic limit, it will be got out of the limit before the next oppoſition; 
conſequently there can be only one lunar eclipſe at the ſame node. But as the 
lunar nodes move backwards about 199 in a year, the earth may come within 


the lunar ecliptic limits, at the ſame node, a ſecond time in the courſe of a 


year, and therefore there ' may be three lunar eclipſes in a year; and there can 
be no more. 

If an eclipſe of the moon happen at or very near to the node, a conjunction 
may happen before and after, whilſt the earth is within the ſolar ecliptic limits; 
hence there may, at each node, happen two eclipſes of the ſun and one of the 
moon; and in this caſe, the eclipſes of the ſun will be ſmall, and that of the 
moon large. Thus when the eclipſes happen at each node only once, there 
may be fix eclipſes in a year, four of which muſt be of the ſun and two 
of the moon. But if, as in the laſt caſe, an eclipſe ſhould happen at the 
return of the earth within the lunar ecliptic limits at the ſame node a ſecond 
time within the year, there may be fix eclipſes, three of the ſun and three of 
the moon. 

There may be ſeven eclipſes in a year. For twelve lunations are performed 
in 354 days, or in eleven days leſs time than a common year. If therefore an 
eclipſe of the ſun ſhould happen before January 11, and there be at that, and 
at the next node, two ſolar and one lunar eclipſe at each node; then the 
twelfth lunation from the firſt eclipſe will give a new moon within the year, 
and (on account of the retrograde motion of the moon's nodes) the earth may 


be got within the ſolar ecliptic limits, and there may be another ſolar eclipſe. 
Hence 
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ON AN OCCULTATION OF A FIXED STAR BY THE MOON. 


Hence when there are ſeven eclipſes in a year, five will be of the ſun and two- 


of the moon. 
As there are but ſeldom ſeven eclipſes in a year, the mean number will be 


about four. 

The nodes of the moon move backwards about 19* in a year, which arc the 
earth deſcribes in about 19 days, conſequently the middle of the ſeaſons of the 
eclipſes happens every year about 19 days ſooner than in the preceding year. 

589. The ecliptic limits of the ſun (560) are greater than thoſe of the moon 
(552), and hence there will be more ſolar than lunar eclipſes, in about the ſame 
proportion as the limit is greater, that is as 3: 2 nearly. But more lunar 
than ſolar eclipſes are ſeen at any given place, becauſe a lunar eclipſe is viſible 
to a whole hemiſphere at once; whereas a ſolar eclipſe is viſible only to a part, 
and therefore there is a greater probability of ſeeing a lunar than a ſolar eclipſe.. 
Since the moon is as long above the horizon as below, every ſpectator may 
expect to ſee half the number of lunar eclipſes which happen. 


To Compute the Time of an Occultation of a Fixed Star by the Moon. 


590. Find, from the precepts and Tables (given at the end of this Volume), 
the apparent longitude and latitude of the ſtar at the time when an occultation 


is expected.“ | 
591. Compute (as will be explained in the Introduction to the Tables in 


the ſecond Volume) the time of the mean conjunction, and at that time the 
moon's true latitude ; then (according to M. Cass1x1) if the difference of the 
' latitudes of the moon and ſtar exceed 1*. 37', there can be no occultation ; but 
if the difference be leſs than 51', there muſt be one, ſomewhere on the earth; 


hence between 1*. 37 and 51 it is doubtful. 

592. Compute the time of the true conjunction from that of the mean, from 
the moon's true longitude at the mean conjunction, and it's horary motion. 
But if, from the equation of the moon's orbit, it appears that there is a con- 


| ſiderable interval between the mean and true conjunction, it will be better to- 


aſſume ſome time as near as you can conjecture to the true conjunction, at 


which time compute the moon's true longitude and it's horary motion, and 
then 


Here, as in ſolar eclipſcs, no method, previous to the calculation of the apparent place of 
the moon at the ecliptic conjunction, can be given, to determine whether there will be an occul- 
tation at any particular place, on account of the moon's parallax ; from the courſe of the moon, 
however, we may conjecture when it is probable ſuch a phænomenon may happen. According 
to M. Cass1n1, thoſe ſtars whoſe north and ſouth latitudes do not exceed 69. 36', may ſuffer un 
occultation /omewſere upon the earth; and if the latitude do not exceed 4. 32', they may be 


eclipſed on any part of the earth. 
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then by applying the horary motion you will get the time of the true conjunc- 
tion to a great degree of accuracy ; whereas, from the conſiderable variation 
of the horary motion in the courſe of a few hours, the time of the true con- 
junction found in this manner from the mean, when the interval is conſiderable, 
will be ſubje& to a proportional degree of error. If the true longitude be 
computed from the Tables every time it is uſed, there will be no occaſion for 
this aſſumption of a nearer time; but by the aſſumption, we may either avoid 
a certain degree of error, or the trouble of computing the longitude again from 
the Tables. If at the time of the true conjunction, the moon's true latitude 
be computed, and the difference between it's latitude and that of the ſtar ex- 
ceed 1*. 197, there can (according to M. Cass1Nnt) be no occultation ; but if 
it be leſs than 15. 7' there muſt be one; hence between 1%. 197 and 1*. /' it 
is doubtful. It being determined that there may be an occultation, we pro- 
ceed thus to compute it. | 

593. Having found, at the time of the ecliptic conjunction, the moon's true 
longitude, it's horary motion 1n longitude, and it's true latitude, compute 
it's horary motion in latitude ; alſo it's parallax in latitude and longitude, (as 
in ſolar eclipſes,) and it's ſemidiameter. 

594. The parallax in longitude at the true time of the ecliptic conjunction 
ſhows the apparent diſtance of the moon from the tar in longitude ; and the 
parallax in latitude applied to the true latitude gives the apparent latitude, the 
difference between which and the ſtar's latitude, gives their apparent difference 
of latitudes, and if this be leſs than the moon's ſemidiameter, there will pro- 
bably be an occultation, in which caſe, we proceed thus to find the time of 
immerſion and emerſion. 

595. To find nearly the time of the apparent conjunction, ſay, as the moon's 
horary motion: the parallax in longitude :: 1 hour: the time from the true 
to the apparent conjunction nearly,“ which added to or ſubtracted from the 
time of the true conjunction, according as the moon is to the weſt or eaſt of 
the nonageſimal degree, gives the time nearly of the apparent conjunction. If 
at the time of the true conjunction, the difference of the apparent latitudes of 
the moon and ſtar ſhould be very nearly equal to the ſemidiameter of the moon, 
it will be neceſſary to compute the difference at the apparent conjunction, in 
order to be ſure whether, or not, there will be an occultation. 

596. It being found that there will be an occultation, we muſt aſcertain, 
as nearly as poſſible, the beginning and end; for this purpoſe, the Table at 

the 


* This is not accurately the time, becauſe the parallax in longitude has varied a little, and 
therefore it muſt have made a ſmall variation of the horary motion in longitude; but great accu- 
racy here is not neceſſary, as we only want the apparent time of conjunction in order to aſſume 
nearly the time of immerſion and emerſion. 
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the end of this ſubject is very uſeful ; it was conſtrued and computed by the 
Rev. MaLacur Hirtcnixs, a gentleman well converſant in the theory and 
practice of Aſtronomy, who had the goodneſs to communicate it to me, with 
permiſſion to publiſh it; it's conſtruction and uſe we ſhall here explain. 

597. Let C be the center of the moon, LM that diameter which is parallel 
to the ecliptic EP, to which draw dCF perpendicular; let vw repreſent the 
path of the ſtar behind the moon,* z the place at the apparent ecliptic con- 
junction, i at the immerſion, and e at the emerſion ; aſſume a point 7 a little 
before the immerſion, and draw rx parallel to LM, and ram, xtn, isp perpen- 
dicular to EP, or ſecondaries to the ecliptic, and join Ci, Cr, and Cx; draw 
alſo zo parallel to LM, and join Co. Now the conſtruction of the Table is 
to repreſent the value of cf correſponding to any ſemidiameter Cx of the moon, 
and to any difference x7 of the apparent latitudes of the moon and ſtar, by 
entering, with the former, the head of the Table, and with the latter, it's fide. 

598. To find nearly the time of immerſion and emerſion, with the moon's 
ſemidiameter, and the difference Cz of the apparent latitudes at the apparent 
conjunction, enter the Table, and it gives 20; and as v2 makes but a ſmall 


angle with zo, 20 is generally nearly equal to zz, and alſo to ze; take therefore 


the horary motion of the moon, and find the time of deſcribing zo, and ſubtract 
it from and add it to the time at 2, and it generally gives the time of the 
beginning and end ſufficiently near for the purpoſe here wanted.F 
599. By applying this Rule, let us ſuppoſe that ic gives the beginning at r 
inſtead of 7. The true longitude and latitude of the moon at the time of the 
true conjunction being known, and their horary motions, find it's true latitude 
and longitude at the aſſumed time of beginning, and to that time compute the 
parallaxes (173) in latitude and longitude, and apply them to the true latitude 
and longitude and we get the apparent latitude and longitude, the differences 
between which and the apparent latitude and longitude -of the ſtar, give the 
apparent diſtance of the moon from the ſtar in latitude and longitude, or they 
give ar and dm; alſo cos. Cd app. lat. (Xx dm = Ca; hence Cr = / Ca* + ar* 


is known, and if this be equal to the moon's ſemidiameter, the aſſumed is the 
true 


* We here repreſent the moon as being fixed, and the ſar in motion, making the ſame angle 
with the ecliptic as. the apparent path of the moon does, which makes no alteration in the relative 


ſituation of the two bodies, and the repreſentation is more ſimple. 
+ More accurately, zo ſhould be reduced to the ecliptic, by (108) multiplying it by the ſecant 


of the apparent latitude 4s, before the time of deſcribing it 1s found; but this is unneceſſary. 
Alſo zi and ze are not accurately equal, and the nearer z 1s to F the greater will be the error. 
But accuracy here is not neceſſary; and, in general, the rule will be ſufficiently accurate, and always 


be a very uſeful guide for eſtimating the time of beginning and end. 
The horizontal parallax of the moon is not here diminiſhed (as it was in ſolar eclipſes by the 


ſun's parallax), the ſtar not having any parallax, 
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ON AN OCCULTATION OF A FIXED STAR BY THE MOON, 


true time of beginning; if greater, the occultation has not taken place; if leſt, 
it has. 

600. With the difference ra (= tx) of apparent latitudes, and the moon's 
ſemidiameter Cx, take out Cr from the Tables, and we get ta = Cat; 


hence ſec. app. lat. 40 x 7a = mn; and from the horary motion find the time 


of deſcribing mn, which added to or ſubtracted from the above aſſumed time 
of beginning, will give very nearly the true time of beginning. 

601. To this time find, as before, the apparent difference (d) of latitudes, 
and apparent difference (D) of longitudes at the moon, whence we get 
VS D*+d* = m, the apparent diſtance of the ſtar from the moon's center; 
if this diſtance be equa! to the moon's ſemidiameter, this ſecond aſſumed time 
is the time of the immerſion ; if greater, the occultation has not taken place; 
if le, the immerſion is paſt. If therefore this ſecond aſſumed time be not 
true, we proceed as in Art. 572, and ſay, Cr m: Cx<m :: the interval of 


the aſſumed times: the interval between the ſecond aſſumed time and the time 


of the immerſion ; this interval therefore applied to the ſecond aſſumed time, 
gives the time of the Immer/on. 


The time of the Emerſion is found exactly in the ſame manner. 


EXAMPLE. 


To find the Time of the Occultation of Aldebaran by the Moon, 
on January 2, 1795, at Greenwich, 


The apparent longitude of Aldebaran on January 2, 1 795 is found to be 
*. . 55+ 35”, and it's latitude 5?. 28“. 5o” ſouth. 

The time of the mean conjunction is at 9h. g'. 53”, at which time the dif- 
ference of the moon's and ſtar's latitudes is 15. 1', conſequently (591) there 


may be an occultation. But from the equation of the moon's orbit, the diffe- 


rence of the times of the mean and true conjunction will probably happen five 
hours ſooner ; let us therefore aſſume 44. at which time the moon's true lon- 
gitude is found to be 2*. 6*. 47. 45”, and it's horary motion 35. 39”; hence 
the time of the true ecliptic conjunction of the moon and Aldebaran is found 
to be 2d. 4k. 13. 21” mean time, from which ſubtract . 41” the equation of 
time, and we get the true ecliptic conjunction at 44. 8'. 40“ apparent time, at 


which time the moon's true longitude is 2. 6“. 55”. 35”. 


At 


ON AN OCCULTATION OF A FIXED STAR BY THE MOON. 


At the time of the true conjunction, the moon's true latitude is found by 
calculation to be . 36' ſouth, and it's horary motion in latitude is 1'. 35 
decreaſing ; alſo the moon's horizontal parallax at Greenwich is found to be 
59'. 16”, and hence (173) the parallax in longitude: is 297. 17“ additive to the 


true to get the apparent longitude, the ftar being to the eaſt of the nonageſimal 


degree; alſo the parallax in latitnde is 48“. 4”, increaſing the true latitude. 
The horizontal ſemidiameter of the moon is 16“. 11”, which increaſed! by 6”; 
the augmentation of the ſemidiameter on account of the moon's s altitude, gives 
16. 16” for the apparent ſemidiameter. 

The parallax 20“. wy in longitude (at the time of the true conjunction) 
ſhows (594) the moon's apparent diftance from the ſtar in longitude j and the 
parallax 48'. 4” in latitude applied to the true latitude 4. 36“ gives '5*. 24. 4” 
for the moon's apparent latitude, which differs from 5. 28“. 50”, the ſtar's 
latitude, by 4. 46”, which being leſs than 160. 16” the ene apparectt ſemi- 
diameter, there will be an occultation. ' 

To find (595) nearly the time of the apparent hates ſay, 35'. 19“ 


29“. 17“ :: 1 hour: 49“. 18” the time nearly between the true and the Apiſarceſt 


conjunction; and as the moon is to the ef of the nonageſimal degree, this 


ſubtracted from the time 44. 8“. 40“ of the true conjunction leaves 34. 19. 22“ 


for the time of the apparent conjunction nearly. 

With the moon's ſemidiameter 16“. 16”, arid the difference 4. 46” of the 
ſtar's and moon's Parent latitudes, enter the Table, and it gives z0 g. 32”; 
hence 3 5 39” : 15%. 32" :; T hour: 26. g”, which ſubtracted from and added 
to 3h. 19“. 22”, give 2h. 53" 13” for the beginning, and 3h. 45. 31" for the 
end, nearly. 

The true longitude of the moon at 44. 80. 40 ” being 22 6% 55:35", and 
the horary motion 35. 39”, the true longitude at 2k. 530. 13” is 2%. 6. 100. 44”, 
and the parallax in longitude is 28'. 43”; hence the apparent longitude at that 
time is 2*, 6*. 39“. 27”, which ſubtracted from 2%. 6“. 55. 35 the ſtar's lon- 
gitude, gives 16'. 8” = dm for the apparent difference of longitudes of the 
moon and ſtar, which multiplied by 0,9955 (the coſine of the moon's apparent 
latitude) gives 16“. 4” = 964“ = Ca. Alſo the moon's true latitude at 
4h. 8“. 40“ is 4*. 36', and the horary motion in latitude being 1'. 3 5 decreaſ- 
ing, the true latitude at 2. 53. 13“ is 4*. 37'.-55", and the parallax in latitude 
being 51. 27”, the apparent latitude is 5*. 29“. 22”, which differs from 52. 
280. 50”, the ſtar's latitude, by 32“ = ra; hence A + 32* = 2965 216. 5 
cr, which is leſs than 16'. 16” the moon's apparent ſemidiameter by x I 1 
hence the cccaltation at this time muſt have taken place. 

With 32” the difference of the apparent latitudes, and 16'; 16” the moon's 
ſemidiameter, enter the Table, and we get 16'. 15”, the difference between 
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ON AN OCCULTATION OF A FIXED STAR BY THE MOON. 


which and Ca (= 16, 4”) is 4 = 11”,* the time of deſcribing which is 22”, 
which ſubtracted from 24. 53“ 13" gives 24. 52“. 51” for the next aſſumed time 


of immerſion. 
At this time we find (exactly as we due the ſame for the firſt aſſumed 


time) the difference Ca of the moon's apparent longitude and that of the ſtar, 
at the moon, to be 160. 18” = 978”; and the difference ra of the apparent lati- 
tudes to be 33”; hence \/978* +33*= 979” = 16. 19” = Cr, which is greater 
than 16'. 16” by 3”, conſequently the occultation has not taken place. 

Hence (601) 11“/＋ 3“ = 14“: 3” :: 22” : 5”, which added to 2h. 52“. 51” 
gives 2. 52. 56” for the time of Immerſiou. | 

At 34. 45. 31”, the aſſumed time of the emerſion, compute as before the 
apparent longitude and latitude of the moon, and we find Ca=1 5. 44 '= 944 
(a now lying on the other fide of C), and ar 2“. 59” = 179”; hence 


V944*+179* = 961” = 16. 1”, which is leſs chan 16. 16” by 15”, conſe- 


quently the emerſion is not yet arrived. 


With 179“ the apparent difference of latitudes, and 16. 16” the moon's 
ſemidiameter, enter the Table, and we get 16 the difference between which 
and Ca = 15ʃ. 44” is 16”, the time of Gelen which is 32“, which 


added to 34. 45. 31“ gives 3]. 46. 3” for the next afſumed time of 


cen 
At this time, compute, as before, the apparent longitude and latitude of 


the moon, and we find Ca = 16“. 3“ = 963", and ar = 2'. 59” = 179"; 
hence 963 +179* = 977" =16'17", Which 1 1s N than 16'. 16” «thy of 
conſequently the emerſion * taken Po” = 

Hence (602) / 15" + 1” = 16" : 1” :: 32 : 2%, which abend from 
U 4, hk leaves 5 wel * for the time of 1 i 
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The times thus calculated muſt be ſubje& tb the error of the Tables, as 
in ſolar eclipſes, but in ſomewhat a leſs degree, as the horary motion of the 
moon in reſpect to the ſtar is greater than that in reſpe& to the ſun. Hence 
the computed times compared with the times by obſervation, afford the means 
of correcting the Tables. 

The immerſion at i is about 30“ north of the moon's center, and the 
emerſion at e, is about 3“ north. 


To determine, by (-ooſtratizen, the Time 1 an Occultation of a Fixed Star 
by the Moon. 


602. 'The moon's latitude and longitude being computed for the true time 
of conjunction, and the horary motion of the moon in latitude and longitude, 
find the latitude and longitude for one hour before or after, according as the 
occultation happens before or after. Take allo the ſtar's latitude and declina- 
tion, and find (105) the time of paſſing the meridian; find alſo the moon's 
ſemidiameter and horizontal parallax. Now it is manifeſt, that the ſtar may 
be uſed as the ſun, only inſtead of 12 upon the ellipſe we muſt put the hour 
of the ſtar's paſſage over the meridian; and as the ſtar has no paraliax, the 
radius of projection will be equal to the moon's horizontal parallax. Hence 
with that radius deſcribe the ſemicircle EG C, erect GO perpendicular to 
EC, find (536) the poſition of the pole P, and deſcribe the ellipſe for the 
latitude of the place, and declination of the ſtar; and to find the moon's orbit, 
take Ov equal to the difference of the moon and ſtar's latitude at the time of 
the true conjunction, and take alſo Ox equal to the moon's horary motion in 
longitude, and draw xy perpendicular to EC and equal to the difference of the 
moon's and ſtar's latitude at one hour from conjunction, and the ſtraight line 
MyvL will repreſent the moon's orbit. Then with an extent of compaſs equal 
to the moon's ſemidiameter, find two points c and d marked the ſame inſtant, 
and it gives the time of immerſion ; find alſo two other points s and 7 denoting 
the ſame point of time, and you have the time of emerſion; alſo if the 
neareſt diſtance we of the correſponding points of time be taken and meaſured 
upon the ſcale, it will give the neareſt diſtance of the ſtar to the moon's 


center in the time of occultation. 


Ex. To conſtruct the occultation which we before computed. The time 
of conjunction was at 44. 8'. 40“ in the morning, in longitude 2%. 60. 8 ; 
the moon's latitude was 4*. 36 S. it's horary motion in longitude 35. 39”, 
and in latitude 1', 35” decreaſing; it's ſemidiameter was 160. 16”, and hori- 
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ON AN OOGGUTLTATION OP A FIXED STAR BY THE MOON. 


zontal parallax 59 16”;. alſo: Aldebaran's latitude was 5*. 28“. 50“ ſouth, it's 
2 168. 5. 67, and it paſſed the meridian at 94. 29. 24” in the after- 

Hence take 00 = 59% 16“, find (536) the pole P at the given 
Pong and: deſenibe the ellipſe for the latitude. of Greenwich and the ſtar's 
declination, and at the point 2 mark 94. 29' (neglecting the 24”), being the 
time when, the ſtar comes to the meridian, and from, it divide = ellipſe into 
hours, and ſubdivide them as far as you can convemiently. Take Ov = 
52/. 50“ the difference of the ſtar's and moon's latitude at the time of conjunc- 
tion, and Ox 35 39” the moon's horary motion in longitude, and erect the 
perpendicular æy g 51. 15” (the moon's latitude decreaſing 1. 35” in an hour), 
draw the right line LvyM, and it will repreſent the moon's orbit, and vy it's 
horary motion in it; at the point v mark 4. 9, and vy repreſenting one hour, 
divide LM into hours from it, and ſubdivide it as far as the ſcale will permit; 
and taking an extent of compaſs equal to 16'. 16” the moon's. ſemidiameter, 
it will give the points c, d correſponding to the time of Immerſion, and the 
points 5, # correſponding to the time of Emerſion; and the correſponding 
neareſt diſtance is found to be nearly 2” north of the moon's center. 


603. When an occultation of a ſtar by the moon takes place, for three or 
four ſeconds of time before the ſtar diſappears, it ſometimes appears to be pro- 
jected upon the diſc of the moon; M. du Sejovr explains the phenomenon 
thus. Let & be the ſtar, Im, the moon, abc the paſſage of a ray of light 
through the moon's atmoſphere, and: juſt paſſing by the limb of the moon at 
5 let cE be the direction of the ray after it emerges from the atmoſphere, and 
produce Ee to 5. Then to an eye at E the ſtar would appear at 5; but at 
the ſame time a ray of light from the moon's limb at & would be refracted 
through bc and then move to E and appear alſo at s; thus when the ray of 
light which comes from the ſtar becomes a tangent to the moon, the ſtar at 
that time appears alſo to be in contact with the moon. The refraction of the 
atmoſphere. alone therefore is not ſufficient to account for this phenomenon, 
as ſome Aſtronomers: have ſuppoſed. But if the light from the ſtar ſuffer a 
different degree of refraction from the ſolar light refracted from d, for inſtance, 


it the ſtar be higher than the center of the moon, and the refraction of the light 
from the moon be greater than the refraction of the light from the ſtar, the 


point 5 being elevated by refraction more than the ſtar, the ſtar will appear 
upon the moon's diſc before the occultation takes place. Or the ſame would 
happen if the ſtar were lower than the moon's center, and the refraction of 
the light from the ſtar the greater. From the different colours of the light 
from different ſtars, he thinks we may admit different degrees of refraction of 


their light. The irradiation of the light of the ſtars, by which ſome have 
con- 


ON AN OCCULTATION. OP A FIXED STAR BY THE MOON, 


conjectured they might appear to encroach a little upon the moon's limb be- 


fore they diſappear, would, he obſerves, affe& all ſtars and at all attitudes ; 
whereas this circumſtance does not always take place. He ſtates however this 
objection to his hypotheſis, that the aberration of light from all the ſtars ap- 
pears, from obfervation, to be the ſame, and therefore the velocities of their 
light muſt be all equal; conſequently the light from all the ſtars ſuffers the 
fame refraction, admitting that the refraction depends altogether on the velocity 
of the light. But there have been only a few ſtars whoſe aberrations have been 
determined by obſervation, and we are not aſſured but, in ſome ſtars, a very 
ſmall difference in their aberrations might be found ; future Aſtronomers may 
fettle this. 

604. Lunar eclipſes are uſeful for finding the longitudes of places ; ſolar 
eclipſes, and occultations are uſeful for the ſame purpoſe, and alſo for correct- 
ing the errors on the lunar Tables. All theſe things will be explained when 


we treat on the methods of finding the longitude. 
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Showing the vifible Diſſerence of Longitudes between the Moon and Star, at the Star, at the 
inſtant of the Star's Immerſion or Emerſion in Occultations. 
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ON OCCULTATIONS OF THE PLANETS, &c. 


bo 6. Sometimes the planets are eclipſed by the moon, the calculations of 


which are made in the ſame manner as for the ſun, or a fixed ſtar; conſidering 


the relative horary motion of the moon in reſpect to the planet, in latitude and 
longitude, in order to get the relative orbit. 

606. The planets ſometimes eclipſe the planets. Mars eclipſed Jupiter, 
January 9, 1501; Venus eclipled Mars, October 3, 1590; Mercury was 
— by Venus, May 17, 1737. 

607. The fixed ſtars are ſometimes eclipſed by the planets. Gass EN Ds 
obſerved Jupiter eclipſe a fixed ſtar in the foot of Gemini, December 19, 1633. 


Mr. Pound obſerved Jupiter edipſe a of Gemini, November 21, 1716, the 


middle of the eclipſe was at 19h. 55. Phil. Tranſ. No. 350. In 1672, Mars 
eclipſed one of the ſtars in Aquarius. Venus eclipſed the Lion's Heart, in 1574, 
and 1598. The fixed ſtars are alſo obſerved to be ſometimes eclipſed by 
Comets; which are very uſeful obſervations, as they ferve to aſcertain very 


accurately the place of the comet. 


CHAP. 


. 


ON THE TRANSITS OF MERCURY AND VENUS 
OVER THE SUN'S DISC. EE” 


Art. 608. HEN Dr. HALLE was at St. Helena, whither he went for 
the purpoſe of making a catalogue of the ftars in the ſouthern 
hemiſphere, he obſerved a tranſit of Mercury over the ſun's diſc; and, by means 
of a good teleſcope, it appeared to him that he could determine the time of the 
ingreſs and egreſs, without it's being ſubje& to an error of 1”";* upon which he 
immediately concluded, that the ſun's parallax might be determined by ſuch 
obſervations, from the difference of the times of the tranſit over the ſun, at dif- 
ferent places upon the earth's ſurface. But this difference is ſo ſmall in Mercury, 
that it would render the concluſion ſubject to a great degree of inaccuracy ; 
in Venus however, whoſe parallax is nearly four times as great as that of the 
ſun, there will be a very conſiderable difference between the times of the tranſits 
| ſeen from different parts of the earth, by which the accuracy of the concluſion 
will be proportionably increaſed. The DR. therefore propoſed to determine the 
ſun's parallax from the tranſit of Venus over the ſun's diſc, obſerved at diffe- 
rent places on the earth; and as it was not probable that he himſelf ſhould live 
to obſerve the next tranſits, which happened in 1761 and 1769, he very ear- 
neſtly recommended the attention of them to the Aſtronomers who ſhould be 
alive at that time. Aſtronomers were therefore ſent from England and France 
to the moſt proper parts of the earth to obſerve both thoſe tranſits, from the 
reſult of which, the parallax has been deternuned to a very great degree of 
accuracy. 

609, KEPLER was the firſt perſon who predicted the tranſits of Venus and 
Mercury over the ſun's diſc ; he foretold the tranſit of Mercury in 1631, and 
the tranſits of Venus in 1631 and 1761. The firſt time Venus was ever ſeen 

upon 


Hence Dr. HALLE concluded, that by a tranſit of Veaus, the ſun's diſtance might be 
determined with certainty to the gooth part of the whole; but the obſervations upon the tranſits 
which happened in 1761 and 1769, ſhowed that the time of contact of the limbs of the Sun and 


Venus could not be determined to that degree of certainty. 
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ON THE TRANSITS OF MERCURY AND VENUS OVER THE SUN'S DISC. 


upon the ſun was in the year 1639, on November 24, at Hoole near Liverpool, 
by our country man Mr. HoxROx, who was educated at Emanuel College in 
this Univerſity. He was employed in calculating an Ephemeris from the 
Lanſberge Tables, which gave, at the conjunction of Venus with the fun on 
that day, it's apparent latitude leſs than the ſemidiameter of the ſun. But as- 
theſe Tables had fo often deceived him, he conſulted the Tables conſtructed 
by KEILER, according to which, the conjunction would be at 84. 1 A. N. 
at Mancheſter, and the planet's latitude 14. 10” ſouth; but, from his own. 
corrections, he expected it to happen at 3h. 57 P. . with 100 ſouth latitude. 
He accordingly gave this information to his friend Mr. CRABTREE at Man- 
cheſter, deſiting him to obſerve it; and he himſelf alſo prepared to make 
obſeryations upon it, by tranſmitting the ſun's image through a teleſcope into 
a dark chamber. He deſcribed a circle of about fix inches diameter, and 
divided the circumference into 360%, and the diameter into 120 equal parts, 
and cauſed the ſun's image to fill up the circle. He began to obſerve on the 
23d, and repeated his obſervations on the 24th till one o'clock, when he was 


unfortunately called away by bufineſs; but returning at r5' after three o'clock, 


he had the ſatisfaction of ſeeing Venus upon the ſun's diſc, juſt wholly entered 


on the left fide, fo that the limbs perfectly coincided. At 35 after three, he 


found the diſtance of Venus from the ſun's center to be 13“. 30”; and at 45 
after three, he found it to be 13; and the ſun ſetting at 50” after 3 o'clock, 
put an end to his obſervations. From theſe obſervations, Mr. Hoxrox en- 
deayoured to correCt ſome of the elements of the orbit of Venus. He found 


Venus had entered upon the diſc at about 62*. 30 from the vertex towards the 


right on the image, which, by the teleſcope, was inverted. He meaſured the di- 


ameter of Venus, and found it to be to that of the fun, as 1,12 : 3o, as near 
as he could meaſure. Mr. CRABTREE, on account of the clouds, got only one 
fight of Venus, which was at 34. 45. Mr. Hoxrox® wrote a Treatiſe, entitled 


Venus in Sole viſa, but did not live to publiſh it ; it was however afterwards 
publiſhed by HeveLivs. Gass ExDUSs obſerved the tranſit of Mercury which 
happened on November 7,. 1631, and this was the firſt which had ever been 
obſerved; he made his obſervations in the ſame manner that Hoxrox did after 


him. Since his time, ſeveral tranſits of Mercury have been obſerved, as they 


frequently happen; whereas only two. tranſits of Venus have happened fince the 


time of HoRROXT. If we know the time of the tranſit at one node, we can 


determine, in the following manner, when they will probably happen again at 
the ſame node. 


610. The 


The difficulties which this very extraordinary perſon had to encounter with in his Aſtrono- 


mical purſuits, he himſelf has deſcribed, in a Prolegomena profes to his Opera Pothuma, publiſhed. 
by Dr, WALL1s, 
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610. The mean time from conjunction to conjunction of Venus or Mercury 
being known (324), and the time of one mean conjunction, we ſhall know the 
time of all the future mean conjunctions; obſerve therefore thoſe which happen 
near to the node, and compute the geocentric latitude of the planet at the 
time of conjunction, in which caſe, if it be leſs than the apparent ſemidiameter 
of the ſun, there will be a tranſit of the planet over the ſun's diſc; and we 

may determine the periods when ſuch conjunctions happen, in the following 
manner. Let P the periodic time of the earth, p that of Venus or Mercury. 
Now that a tranſit may happen again at the ſame node, the earth muſt perform 
a certain number of complete revolutions in the ſame time that the planet 
performs a certain number, for then they muſt come into conjunction again 
at the ſame point of the earth's orbit, or nearly in the ſame poſition in reſpect 
to the node. Let the earth perform x revolutions whilſt the planet performs 


= . Now Þ= = 365,256, and 


y revolutions ; then will Px = py, therefore = 7 * 


for Mercury, p87, 968; tree 2 =& = = £1968 = (by reſolving it into : 


it's continual fraftions) 5, 3 —, 5 3, , 4 &c. That is, 1, 6, 7, 13, 
4 25 29 54 137 191 

33. 46, &c. revolutions of the earth are nearly equal to 4, 25, 29, 54, 137, 

191, &c. revolutions of Mercury, approaching nearer to a ſtate of 

equality, the further you go. The firſt period, or that of one year, is not 

ſufficiently exact; the period of fix years will ſometimes bring on a return of 

the tranſit at the ſame node; that of ſeven years more frequently; that of 13 

years ſtill more frequently, and ſo on. Now there was a tranſit of Mercury 

at it's deſcending node, in May 1786; hence by continually adding 6, 7, 

13, 33, 46, &C. to it, you get all the years when the tranſit may be expected to . 
happen at that node. In 1789 there was a tranſit at the aſcending node, and 

therefore by adding the ſame numbers to that year you will get the years in 

which the tranſits may be expected to happen at that node. The next tranſits 

at the deſcending node will happen in 1799, 1832, 1845, 1878, 1891; and 

at the aſcending node, in 1802, 1815, 1822, 1835, 1848, 1861, 1868, 1881, 


1894. For Venus, p = 224573 hence 5 5 2 5 3632258 1 125 1155 
ec. Therefore the periods are 8, 235, 713, &c. years. The tranſits at the 
ſame node will therefore ſometimes return at 8 years, but oftener in 23 5, Md 
ſtill oftener in 713, &c. Now in 1769 a tranſit happened at the deſcending 
node in June, and the next tranſits at the ſame node will be in 2004, 2012, 
2247, 2256, 2490, 2498, 2733, 2741 and 2984. In 1639 a tranſit happened 
at the aſcending node in November, and the next tranſits at the ſame node 
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ON THE TRANSITS OF MERCURY AND VENUS OVER THE SUN'S DISC. 


will be in 1874, 1882, 2117, 2125, 2360, 2368, 2603, 2611, 2846 and 28 54- 
Theſe tranſits are found to happen, by continually adding the periods, and 
finding the years when they may be expected, and then computing, for each 
time, the ſhorteſt geocentric diſtance of Venus from the ſun's center at the 
time of conjunction, and if it be leſs than the ſemidiameter of the ſun,” there 


will be a tranſit. 


To compute the Time of the Tranſit of Venus or Mercury over the Sun's diſc, 
and the Duration thereof, to a Spectator at the center of the Earth. 


611. Let A and P be two planets in conjunction, Pa, A9, their cotem- 
porary motions parallel to the ecliptic, and 25, M perpendicular to it, then 
Pb, AR will be their real motions ; take Ar = Pa, and rs = ab and perpendi- 
cular to 4 draw 57 parallel to AQ, and join R, then sR will be the relative 
motion of A4 ſeen from P. For their relative motions in any directions muſt 
always be the ſum or difference of their real motions in thoſe directions, ac- + 
cording as they move in different or in the fame directions. In this figure, we 
have ſuppoſed them to move in the ſame direction, and Rt is the difference 
of their real motions in latitude, and #s in longitude; and by Trigono- 


metry, ts : Rt :: : rad. : tan. Rt, the inclination of the relative orbit deſcribed 


by 4; alſo, cos. Rs? : rad. :: 5t : R the cotemporary motion in the relative 
orbit. If we apply this to the ſun and Venus, and A429 repreſent the horary 


motion of Venus i in longitude, Ar that of the ſun, and W the horary motion 


of Venus in latitude; then the ſun having no motion in latitude, R is the 
relative motion of Venus in nat to the ſun; hence ar : R:: rad. : tan. 


W. and cos. Rr. rad. :: : Rr. 


2 


Ex. On July 3, „ez. at mean noon at Greenwich, the longitude of the 
earth was 8“. 13% 3. 14",8, and that of Venus 8“. 12% 4. 63%, the diffe- 
rence of which is 150. 2155 the horary motion of the ſun (by the Tables) was 
143%46 3 the diſtance of Venus from the ſun was o, 72626; hence (234) the 
horary motion of Venus in longitude was 2 37 „96; therefore the difference 
9 5 is the relative horary motion of Venus in reſpect to the earth in longi- 
tude; hence 94” , 5: 15“, 21“ :: 1 hour: 94. 44. 45 therefore the conjunction 
was on June 3, at 9h. 44. 45” mean time, at which time the longitude of the 
earth was 8*. 13. 27. 16”, The heliocentric latitude of Venus was alſo found 
(by the Tables) to be 6“. 270 north decreaſing, and it's horary motion in lati- 


tude 1406; hence, 1 hour : 94. 44 45” 33 14 LE 2. 17”, which ſubtracted 


from 
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from 6'. 277 leaves 4. 10” the heliocentric latitude of Venus at the time of the 
ecliptic conjunction. The diſtance of the earth from the ſun was 1,01521 ; 
therefore the diſtance of Venus from the earth was 0,28895, the mean — 
of the earth from the ſun being unity; hence o, 28895: o, 72626 :: 4. 10” 
10“. 8” the geocentric latitude of Venus at the ecliptic conjunction, which 
being leſs than the ſemidiameter of the fun, there muſt be a tranſit of Venus 
over the ſun at the center of the earth, and conſequently ſomewhere upon the 
furface ; we have therefore, in this caſe, no occaſion to compute the ſhorteſt 
diſtance of Venus from the center of the ſun, in order to determine whether 
there will be a tranſit. Alfo, o, 28895: 0, 72626 :: 945 : g'.. 5% 52 the 
geocentric horary motion of Venus from the ſun in longitude ; and 0,28895 : 
0,72626 ::. 14,06: 35% 42 the geocentric horary motion of Venus in latitude. 
Now let the circle DOK repreſent the ſun, C it's center, DCN the ecliptic; 
and on CO (perpendicular to DCN) take CY = 10'. 8”, and / is the apparent 
place of Venus in conjunction; and let S/N repreſent the, orbit of Venus as 
feen from the earth. Now the geocentric horary motion of Venus from the 
fun in longitude is 3“. 57, 52, and the geocentric horary motion of Venus in 
latitude is 35 42; hence (611), 3“. 5 52: 35,42 :: rad. : tan. of 8. 28'. 54 


the inclination of the relative orbit to the ecliptic ; draw therefore SYN making 
the angle CYN = 8. 31“. 6”, and SYN will be the apparent path of Venus 
ſeen from the earth. Draw CM perpendicular to SE and it will biſect it, 

therefore M is the middle of the tranſit. Now as CY = 10. 28”, and the 
angle VCM = 8*. 28. 54", we have, rad. : fin. 8*. a8. 54” :: 10. 28“: 


FRF = 1.33: 


The horary * of Venus in it's relative orbit 1 is found (611) by ſaying, 


coſine of inclination 8*. 28“. 54” : rad. :: 3“. 5 52 (the difference of the ho- 


rary motions of Venus and the ſun ſeen * the earth in longitude) : 4. 0%, 15 


the horary motion in it's relative orbit SN. Hence 4. o”,15 : 1. 3 3” 22 
1 hour: 8 * 1 4 the time of deſcribing YN, which added to 94. 44. 45" X 
gives 10%. 7, by for the made of the tranſit. 

In the triangle VCM, rad.: cos. FCM = 8˙. 28“. 54” :: CF = 100. 28“: 
CM = 100. 21” the neareſt 4 of Venus from the ſun's center; hence in 
the triangle SCM, CM = 100. 21”, and SC = 15%. 46“, therefore SM = 


1. 53”,6, to find the time of deſcribing which, ſay, 4. o”,15 : 1 hour :: SM 


= 11. 53”,6 : 2h. 58. 24” the time of deſcribing SM, which ſubtracted front 
10h. 7. 59”, the time when Venus was at M, gives 74. g'. 35” for the beginning,. 
and added, gives 134. 6'. 23“ for the End, mean time, according to the Tables. 
The effect of the menſtrual parallax has not been here conſidered, as it is in 
the following calculations, it being ſd extremely ſmall, compared with the errors 


to which the Tables are ſubject. | 
In 
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In the tranſit of Mercury, the variation of it's diſtance may be ſo great be- 
tween the times of the ingreſs and egreſs, as ſenſibly to affect it's geocentric 
motion, and thereby render it neceſſary to be taken into computation. M. 
de 'Is LE, in calculating the tranſit of Mercury, on November 7, 1756, found 
that the true middle of the Pane was altered 11“, 5 by this circumſtance, fo 
that DB was performed in 23“ leſs time than AD. | 


A New Method of computing the E fekt of Parallax, in accelerating or retarding 
the Time of the Beginning or End of a Tranſit of Venus, or Mercury over the Sun's 
diſe. By NR MasxtLynz, D. D. F. R. S. and Aſtronomer Royal. 


612. The ſcheme here given relates particularly to the tranſit of Venus over 


the ſun which happened in 1769. Let C repreſent the center of the ſun L 2, 


P the celeſtial north pole of the equator, S the ſouth pole, PCS a meridian 
paſſing through the ſun, Z the zenith of the place, ADB & the relative path 
of Venus, & being the relative place of the deſcending node, A the geocentric 
place of Venus at the ingrels, B at the egreſs, and D at the neareſt approach 
to the ſun's center, as ſeen from the earth's center, and o the apparent place of 
Venus at the egreſs to an obſerver whoſe zenith is Z; draw ou, and u is the 


true place of Venus when the apparent place is at o, and wo is the parallax in 


altitude of Venus from the ſun ; and the time of contact will be diminiſhed by 
the time which Venus takes to deſcribe #B; draw wohn E parallel to AB, 


meeting ZB produced in E, and Bn, An tangents to the circle, and let CAD 


be perpendicular to AB. Now the trapezium #oEB, on account of the ſmall- 
neſs of it's ſides, may be conſidered as rectilinear, and from the magnitude of 


Zz compared with Bu, BE may be conſidered as parallel to uo, and conſequently 


10EB may be conſidered as a parallelogram, and therefore Eo may be taken 
equal to Bu. Now Eo = En no, according as E falls without or within the 


circle L2, of the ſun's diſc; and by Trigonometry, En: EB :: fin. EBn = 
col CBZ : fin. B. in. BCD =cof. CBD, hence En = n 
col. CBD 


and (by in 10 = == Bu" very nearly ; but 45 BE :: fin. B En = 


0" — AB | 
fin. ZBD : fin. Bu E = oof. CBD, therefore Bn* = — fin. ZBD! hence 
col. CBD 


BE“ * fa. ZBD* 
AEN col, CBD* Put 1 = Horizontal parallax of Venus from the ſun; 


and (154) BE = A x fin, Zo = x ſin. ZB; hence 1B = oE = En T no = 
A x* 
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k x fin. Z B x col. CBZ + þ* x ſin, 2B. n. 229  _ h x ſin. ZB x 


r * BA x coſ. CBD* = © 
— 2 2 2 
coſ. CBZ x ſec. CBD T = — he = ES ä Put r“ = the 
time which Venus takes, by it's geocentric relative motion, to deſcribe the ſpace 
Z; to find which, let be the relative horary motion of Venus; then : & :: 


1 hour 3600“: ft” = 2 — . Hence to find the time of deſcribing 


uB, we have, k : 1 X fin. ZB x col. CBZ x ſec. CBD + 


alia. tA. 2 25h. x ſec. CBD : +: tx fin. ZB x col. CBA x ſec. 
chD + ft x hk x ſin. ZB” x 25 ZB D' x ſec. CBD* the time u deferibing ab, 
or the effect of parallax in accelerating or retarding the time of contact; the 
upper ſign is to be uſed when CBZ is acute, and. the lower ſign when it is 
obtuſe: If CB be very nearly a right angle, but obtuſe, it may happen that 
nE may be leſs than u, in which caſe, zE is to be taken from no, according to 
the rule. The principal. part 1E of the effect of parallax will increaſe or 
diminiſh the planet's diſtance from the ſun's center, according as the angle 
2BC is acute or obtuſe ; but the ſmall part zo of parallax will always increaſe 
the planet's diſtance from the center; take therefore the ſum or difference of 
the effects, with the ſign of the greater, as to increaſing or decreaſing the 
planet's diſtance from the center of the ſun. Otherwiſe ſtate the rule thus: 
Take the ſum or difference of àE and no, according as ZBC is acute or obtuſe, 
and the diſtance of the planet from the ſun's center will always be increaſed in 
the firſt caſe and diminiſhed in the ſecond, except ZBC being obtuſe, and near 
oO, 1E ſhall be leſs than no, and then the diſtance from the ſun's center will 
be- increaſed by the difference. If ZBC be acute, the part » E.will retard the 
ingreſs and accelerate the egreſs ; but if ZBC be obtuſe, the part E will ac- 
celerate the ingreſs and retard the egreſs. In like manner, the. parallax affects 
the time of the planet's coming to any given diſtance from the ſun's center before 
or after the middle of the tranſit. The ſecond part of the correction will not 
exceed 9g” or 10“ of time in the tranſits of Venus in 1761 and 1769, where the 
neareſt approach of Venus to the ſun's center was about 100. In the tranſits 
of Mercury; the firſt part alone will be ſufficient, except the neareſt diſtance 


be much greater. 


CALcuLATIoR. As 7 x ſec. CBD is a conſtant quantity for Re ſame tran- 
? x » (ec. CBD*.. 


Gt, find it's logarithm, and it will be conſtant ; and as = _— i 


2 


— 
* wi LA 


2 CA — 
e 
UT . 


2 — * = 
LY 
- 2 « * .. 2 4 - ck, cl - © > - 4 * * 2 | IR 
l 0 5 bt oe +» mie.” * > 7 — 3 — 874 —— — — a 1 ay 
Rd 2 2 neee 85 1 DES 1 
- — 7 = 8 — — — = _ Fon Baſe #5 


Py 
2 


1 
3 
1 3 4 * 4 7 
oh ed — a 1 
3 


— 2 Woe ay © — * 
n nen 3 4 


[7 75 
*. 

$4 + 

7 

4 
1 

J 

% 

* 

: 

| 

[1 


I 
—_ 


alſo 


- _ —_— - — 97 7 0 — — 
PEN Por i Sms ee 


———__ 


— 
— 4 2 F-< — 
- 1 N * 


R T.-> . 
— 5 = . — — DS 
— — — : ON 


* 
by 
7 
1 
1 
- 
55 ; 
wy 
1 
1 
= 
? 
is 
* 2. 
» 
*, 
- 
, 
4) 
Ky 7 
1, 
1 
i 1 
vor 
C 
1 4 
* 
1 tl 
1 
4 * 
1 


== dad — 


— — 
_— 1 2 
— — 


. 


400 


FIG. 
1 50. 


ON THE TRANSITS OF-MERCURY AND VENUS OVER THE sux's DISC. 


alſo conſtant, find it's logarithm, and you get a ſecond conſtant logarithm, 
Then to find the firſt, or principal effect of parallax in time, to the firf con- 
ſtant logarithm, add the log. fine of the zenith diſtance ZB, and the log. coſine 


of CBZ, and the ſum is the logarithm of the firſt part of the effect of parallax; 


and to the ſecond conſtant logarithm, add twice the log. fine of the zenith diſ- 
tance ZB, and twice the log. fine of Z BD, and the ſum 1s the logarithm of the 
ſecond part of the effect of parallax. 8 


613. From this Tables of the ſun's motion, the diſtance of the ſun from the 
earth at the time of the tranſit was 1,015214, the mean diſtance being unity; 
and the ſun's horary motion was 143“, 457, uncorrected by the effect of the 
menſtrual parallax. From the Tables of the motion of Venus, the diſtance of 
Venus from the ſun was 0,7262648, it's mean diſtance being o, 72333, and it's 
mean horary motion was 240”,32 55 ; hence (2 33) it's true heliocentric horary 
motion was 238,381. 

614. To explain the effect of the menſtrual Nati let $ be the ſun, vw 
the earth's orbit, C the center of gravity of the earth E and moon M, MW 
the orbit of the moon, and Eu the orbit of the earth, which each deſcribes about 
their center of gravity C, whilſt that center deſcribes the orbit vo; join SC, SE, 
and on SE let fall the perpendicular Ca; then the angle ESC is the menſtrual 


parallax, which at it's maximum, or when CE 1s perpendicular to CS, is , 


the ſun and moon being at their mean diſtances; let the former be repre- 
ſented by unity, and let m = the mean diſtance of the moon. T hen CE : 


Cat: „: CSE =1 51 * on =7",T x ſin, elong. « from © when the ſun 


and moon are at their mean * ; but CSE muſt vary inverſely as the 


diſtance of the fun ; hence CS: 1 :: 7 v1 x fin. elong. : CSE = , 1 * 


fin. elong. 


C at any diſtance CS; alſo, * varying CE, the angle CSE muſt vary in 


proportion; th CE: varies as CM; hes m: CM: „e : CSE 


, "ol x ſin, elong. x = (becauſe the 3 parallax of ( varies in- 


an as it's diſtance) ), 1 x fin. elong. x 1 155 ar LN ; hence the in- 


crement of this angle (the angle itſelf only being ſuppoſed variable) = 71 * 
„mean hor. par. @ 
* CS « hor. par. * 


; but in an hour, dong. = = hor. mot. 


dong x col. elong,* 


4 — 


4 Becauſe In.: arc :: col, : rad., therefore ſin, = arc X coſ., the radius being unity, 
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« —hor. mot. © = H; hence the horary motion of the menſtrual par. of © 
mean hor. par. 0 
CS x hor. par. * 

615. To find the menſtrual horary motion in latitude, let vCww repreſent 
the ecliptic, E the earth, M the moon, C their center of gravity, and Ev per- 


in Longitude = 7",1 x H x col. elong. x 


pendicular to Cv; then CE : Ev :: 1 * 71 * * = 7”, x fin. (s lat, 


which is the ſun's latitude at the mean diſtances of the ſun and moon; and if | 


S the moon's horary motion in latitude, by proceeding as before we get the 
horary motion of the menſtrual parallax in latitude , x col. lat. ( x h x 

mean hor. par. « 
© 's diſt. x hor. par. « 


—, and will be the ſame way as the « moves in latitude. 


Hence the computation of theſe quantities, at the time of the tranſit in 1769, 
when the hor. par. ( was 61”. 28“; Q's hor. mot. 37. 57,8; ©'s hor. mot. 
. 23 5563 hence H = 35. 34,33 hor. mot. (lat. 3“. 225; O's diſt. 


1,0 15214; and the mean hor. par. ( 50. 59”; alſo at the time of this tranſit, 


col. elong. = 1. 


JJ a 
$6. % 4s 50 0; 0; oo 0 AS 
61.-28: © + „Ch. Joh fin. 12,7430 
33... #5 > -» "x: > 0 Bl. BURL. 
1,0 1521 « + +» + + + Co-ar. log. 9.9935 


o”,0671 hor. men. par. © in Long. 3, 8266 


| 


SO NET WOO 
JJ. 4. 6 0 A GEES 
Te a “(( 
I. $2;4 +» +>: + - + + _ - +» log. fin. 6,9920 
% ß 


0,0064. hor. men. par. © in VE. « - $,8036 


Hence the ſun's true horary motion in longitude is 143”, 524. 


616. Let C be the ſun, Ca P& a ſemicircle in the plane of the orbit of Fic. 
132. 


Venus, & Qs a ſemicircle in the plane of the ecliptic ; P the place of Venus, 
EE E | | and 
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and draw Pd perpendicular to 8 C &, and Pe perpendicular to the plane 
828, and join ed; now 


Rad. : coſ. incl. 2's FE EN DA: de:: tan. PCV: tan, eC& tan. PCG x col. incl. 


Take the increments, and we get Ts K pd x col, incl. x ſec. PCB * 
col. e N, becauſe the increment of the Ron of an angle = increm. arc x 
ſec.“, 1 80 being unity. Alſo PC : Pd :: fin. Pde = inclin. : fin. PCe = 
helioc. lat. of 2; but PC: Pd :: rad. : fin. 5 g or PC &, therefore rad. : fin. 
PCS :: fin. inclin. : fin. lat. PCe=fin, incl. x fin. C8. Take the incre- 


ments, and we get PC e PC x coſ. PC & x ſec. PCe x fin. 3*. 23'. 400. 


Fi. 617. Let $ be the ſun, 7, V, two cotemporary places of the earth and 
153. Venus; and after a ſmall ſpace of time let # and & be their cotemporary poſi- 
tions, the place « being affected by the motion of the earth about the center of 
gravity of the earth and moon during the intermediate time ; then uSX=TSX 
— TSu = hel. mot. v in long. hel. mot. © in long. including the change of 
the menſtrual parallax ; hence 2 SA (the app. hel. mot. 2 from & in long.): 
Su (the app. retrog. geoc. mot. of ę from © in long.) :: XA : SX SV, 
becauſe the angles being ſmall, they may be taken as their ſines. 
Fi. 618. Let alſo Te be the motion of the earth in a ſmall ſpace of time from 
154. 7 to e perpendicular to the plane of the ecliptic, and Yu the correſponding 
motion of Venus ; where the motion Te is that about the center of gravity of 
the earth and moon in latitude. Then the heliocentric motion of Venus from 
the earth in latitude = YSu + TSe (the figure being adapted to the circum- 
| ſtances of the tranſit in 1769). 
F16. 619. Let VS d be the heliocentric motion of Venus from the earth in longi- 
156. tude ( 2 & in Art. 617.), Vd being perpendicular to the SY; and let 4So be 
the heliocentric motion of Venus from the earth in latitude (= «Se in Art. 
618), od being perpendicular to the ecliptic ; then the hypothenuſe Yo will be 
N the apparent heliocentric path of Venus relative to the earth, ſuppoſed to be 
at reſt; and od will be the angle which Venus's apparent heliocentric motion 
from the earth makes with the ecliptic, or which is the ſame, the angle which 
it's apparent geocentric motion from the ſun makes with the ecliptic, Now 
Sd (the hel. mot. of 2 from © in long.): do (it's hel. mot. from © in lat.) 
| :: Vd: do :: rad. : tan. d; and Vd: Vo :: rad. : ſec. Vd. 
Fic. 620. Laſtly, let S, 7, be the centers of the ſun, earth, and Venus, and 
157. TA = the ſemidiameter of the earth; then YA=/T : :: AST (= 's 
- hor. par.) : SAY = ANT - AST = the diff. of the hor. par. of © and 2. 
: Calculation 


Calculation from Article 616. 
Hel. long. & by obſ. at _— ——.... T5 £6.63 
Venus's hel. long. at mid. of tranſit . 8. 13. 28. 13 


Arg. of S. lat. of 2, or diſt. of 2 from g } 
it being ſo much ſhort of it as ſeen from © 1 


P=_ 


PCG S. 7. 22 log. tan. 8, 2922268 
Pde . S = 3. 23. 20 . . log. col. 9, 9992399 


JJ 88 8,2914667 


— 


Log. ratio col. e C d to col. POW. . . 0,0000003 


Log. ratio of the ſquare . . 5 0,0006006 


Log. cof. 3*. 23'. 20” e 
Hel. hor. mot. 9 in long. 238381. . log. 2,3772772 


Fel. hor. mot. 2 on ecl. 237, 9644. log. 2,376512 


— 


£3; . ˙ - ( 


EE ͤ UM M/ . 


% ĩ˙ QA ENT REN TA 3907 20 TERS LOG 
3*. 23. 20” EE TE. 7%; 17) 
JJ... ß 


11, 1488700 
0. 3.890 + g. col. 9,9999997 


14,0887 hel. mot. of 2 in las. log. 1,1488703 


E E E 2 


99992399 
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By this formula, PCe PC ð x cof. PC x ſec. PCe x fin. 3˙. 23“. 20”. 
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Hel. hor mot. ę red. to ecliptic . . . 239644 
Hor. mot. ©, including effect menſt. par. . 143, 524 


Hel. hor. mot 9 from © in long. . : 94, 4404 


Y 


Calculation from Article 61 8, and 61 9. 


—A ESE eg. log. 1,9751578 
Hel. hor. mot. 2 in lat. 14,0887 


— © 0,0064. 


? A 


14, 9 5 ũ . - » log. 1, 1490682 


8*. 29. 19% 1 Crel. orb. makes with ecl. , tan. 9,1 39104 


8. 29". 19% . . . . |. C0-ar. log. col. 0,0047838 
oY ».. RD Oo 


95,4864 app. hel. hor. mot. 248. . Co-ar. log. coſ. 1, 9799416 


—_ 


Calculation from Article 617. 


SEAS <« +> «+» 6. + A Mb Lane 
TY = 0,288949 . . coat. log. 0,5391787 
. «> Jon a Shoes 


240% 023 app. geoc. mot. 2 10 log. 2,3802153 


Bs 


Calculation 


Vs 
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Calculation from Article 620. 


Aſſume the ſun's mean horizontal parallax 8”,83, agreeable to what was 
determined from the obſervations of the tranſit in 1761; ſee the Precepts to 
MArER's Tables, page 61 and 114. 


1 3 „ „„ 0,9459 61 
11214 0% Gf. from ©. (log. ooobgis 


8”,6985 hor. par. © on day of tranſit . . log. 0,9 39446 
So, 88949 Co., log. 0,539179 
„ies, d, 


21/864 2 's hor. par. a © during tranſit . log. 1,3 39720 | 


To find the apparent time taken by Venus to move over it's horizontal 
parallax from the ſun. 


As 240”,0023 2 's hor. mot. 
à © mean time in rel. orb. 


EG Sr YT: 0 
3-1 „„ „ „ 


9 — 


. Co-ar. log. 7,6197848 


to 1499986 time ? takes to 
move 1” from O in rel, orb. 
21,864 hor. par. $80 +» og. 1,940740 


„„ „ inn 


32/95 mean time 2 moves 
over it's hor. par. from © 


log. 2,515807 


* — * 


2 ů — 


But 24 hours of apparent time = 244. Ol. 10 of mean time; hence to reduce 
the mean to — time, 


App. time __ 244. ©. 97 — 8640 
Mean time 244. OC. 10” 8641 4 
„ 6s +4 +7 -  - og. , 


log. 0,000050 


327”,912 app. time 9 moves over 


it's hor. par. 4 O, which no) + og. „fh 
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ON THE TRANSIT S OF MERCURY AND VENUS OVER THE $UN's DISC, 


Time of obſ. of f int. 
cont. at Wardhus, red. to (, , 
S's center, by ſome for- N e 
mer calculations 
Diff. mer. E. of Greenwich 2. 4. 17 


App. times at Greenwich 7. 36. 23 


O's declinations . 22. 25. 50 N. 


©'s diſt. PC from N. pole 67. 34. 10 
_ ©'s dift. SC from S. pole 112. 25. 50 


Angle betw. ecliptic — * 
parallel to equator 8 
App. incl. 2 's rel. 571 
on © to ecliptic C & B. 8. 29. 1 
Sum = £. bet. par. to equ. 


and 9's rel. orb. PCD] 15. 34. 39 


* 


Otherwiſe, ] 


 LCPL of ecl, and mer. 829. 54. 40” 


It's ſupp. BCP . . oo. 5. 20 
&CD = comp. CBD 81. 30. 41 


— - 16 6 0- | 


. Dꝰ ſecond int. cont. 1 5.23. 4” 


2. 4. 17 


13. 18. 47 
22.27. 35 N. 
67. 32. 25 
112. 27. 35 


* — 


6. 59. 27 
8. 29. 19 


15. 28. 46 


U M1 


-. "03 0+ $3 


96. 59. 27 
81. 30. 41 
15. 28. 46 


2 


621. I ſhall take the difference of ſemidiameters of the ſun and Venus with 
M. de la LANDES 15. 15”,1, which is what he found neceſſary to reconcile 
the total durations of the tranſits in 1761 and 1769 with the motion of the 
node of Venus's orbit in the interval, known nearly. By ſome calculations 
of this tranſit, I had found the chord deſcribed by Venus over the ſun between 
the two internal contacts, reduced to the center of the earth, to be 1368“, 57, 
Hence the ſemi-chord is 68428 53 with which, and the difference of ſemi- 
diameters of the ſun and Va I5. 15% 1 above-mentioned, I find the neareſt 


approach of Venus to the ſun's center, and the angle which Venus's path 


over the ſun ſeen from the center of the earth makes with the radius of the 
ſun's diſc at the two internal contacts, as follows. 


915˙öö 1＋ 


ON THE TRANSITS OF MERCURY AND VENUS OVER THE SUN'S DISC. 


g915",1+684",285 = 1599,285 3 log. 3,2039531 
915, I - 684, 285 = 230,815 . . log. 2,3632640 


2)5,5672171 


607",587 = 10, 75 8 CD . + + _ + 0. 87826085 
oo . 2,9614686 


41. 360 8”,s — CAD = CBD .. log. ſin. 9,8221399 


A oo” OO UOTE PT . log. 2,51576 
11% Ao „„ 


— 


Firſt conſtant logarithm . '. . , . . 2,64199 


f=42T 013 - FF 2,5 1576 
2 X co: ar. col, CAD. JJ RPE On ons 
77) 77. 


8 410794 
J%%0 ò ͤ f ++ a $007 


Second conſtant logarithm B 0,9717 


| | | At 1ft int. cont, At ad int. cont, 
LCP= =angle of ecl. and merid. 825. 54. 40” 89%. &. 35” 
&CP it's ſupplement . . . 97. 5. 20 96. 59. 27 
8 COO 9o' - 8. 29“. 19” . .—B1. 30. 41 — 81. 30. 41 
ED» ce ai 36 16. 28 uk 28. 46 


ACD = go*— 419. 36'.8” . . 48. 23. 52 . BCD = 48. 23. 52 
Diff, Af e. »* - 32+ 49. 13 - - ſum BCP= 63. 32. 38 


— 


Now in the ſpherical triangle 40 P, there is given AC=15. 15”, PC = 
| 67”. 34. 10”, and ACP = 322. 49“. 13“; and in BCP, there is given BC = 
15”. 15”, PC= 67". 34. 10”, and BCP = 63%. 52. 38”. Let & be the point 
where a perpendicular from A cuts CP; and R the point where a 9 


from B cuts CP. 
40 


407 
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ACP = z'. 49“. 13” . col. 9.92447 . tan. 9,80953 
$620. 38: 15 - + tan. 9,04500 


* 
» A 


CE.:'= E 12. 49 . tan. 7,57147 - + fin. 7,571 50 
FC 09:36. 10 


Pa = 67. CCC o, 3484 


GG A 4 $944 - +» bi} m ze 


; 50CPg 63˙. 52. 38” . coſ. 9.64374 . tan. 10,30946 
e. 15. 15 . tan. 7%, 


CR = o. 6. 43 tan. J, 2974 ſin. 7, 29074 
CP =67. 34. 10 


PR = 67. 27. 27 „ car. hnj 6,3452 


MN ©. 14. 4928 » * : „ö; 


W 


Let fall the perpendicular PX from P, upon CA produced. 


ACP 32“. 49“. 13” . col, 9, 92447 . tan. 9,809 53 


CP = 67. 34 10. tan. 10, 38427 * « 0ſ. 9,58 1567 


CE '="09; 50. 23 tan. 10, 30854 . fin. 9, 95307 . . co-ar, col, o, 35 5676 


— — —_— —_Yy 


(iz. 35. $ /;- , . Cco-ar. fin. o, aas. RE 9,648224 


PAC=147. J. 21,6 fn. 981048 PA=67.21.21 col. , 55 5467 


— — Du 
— 


Let 


f 


ON THE TRANSITS OF MERCURY AND VENUS OVER THE sux's DISC. 


Let fall the perpendicular of i from of _ CB produced. 


BCP = 69% $2". 38”. col. 9,64.3745 . . PIEE 


CP =0679.-34- 10, tun. 10, 384266 . £4 


CY =26. 50. 47 tan. 10, 28011 . fin. 9, 863039 


CS = ©. 14.15 


BY =46. 35. 32 


PBC= 116. 1. 42 - ny Ee 


- CO-Ar. fin: „138775 9 


col. 9, 581567 


. Co-ar. col. o, 164971 


- + - Col. 9:837074 


tan. 10,31 1274 en 27.26 cof. 9, * 9.583612 


To compute the effect of parallax on the firſt internal conta& at Wardhus. 


EPU=14332- 39” 
„ 


. col. 9, 904 588 


224 g= 143. 23. 42 
tan. 2,5 52118 


Co- lat. ZP.'= 19. 37. 25 


* 


PN = 15. 58. 21 tan. 9,456706 
PA — 1 21. 21 | — — 


AN = „ 


n 
1 V 


Firſi conflant logarithm - ; 
From the next operation, CA 2 21 580, a 6 


Acceleration of contact, firſt cart, = 4060 5 


FF F 


. col. 9, 974014 


. Co-ar. col, o, oi 099 


. col. 9, 65 1 30 


» 


coſ. 9, o 56243 


fin. 9, 99717 
2, 64199 
cCoſ. 9,9 


« * . eds 


"7 


2P4 


409 


Kor „ 
2 _ "= 


— 
add 
—— 


— —ä 


r * _ _ "nia _ 2. 42 + = 4 4% 23 is . , 
* 1 2 2 2 we. „ = 4 1 - . 
# 7 - r 1 N ' Fae 2 . - « 
2 N 5” r , . opt. + DC GDI" n * V2 b 
ahh >= ad < AS . * "IE Von. oo OG x 23 18 „ — 72 —_ ag * = 2 * = - Me l F Tl 


__ py 
1 5 
— 
* 4 = 2 * 
7 r 
Ba 3 


* — 3 
As. £76 ef. 
* + 


SY 
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%%% A é . RT © 9.8708 72 
PN = 15, 58. 122 fin. 9,4396 T 
AN = 83. 19. 2 Co: ar. ſin. 0,002951. 


ZAP= 11. 37. (644 dun. - 9.313454 
 PAC=147- 12 WWW | + ik = 


240158. 45 '6; hence ZAC-CAD=119" 8. 68" = =ZAD. 


_ Second conſtant logarithm . . . . . . . . 0,972 
2 x log. in. .. 9994 
2 x log. Ka. M . ,  » . 998 


— — — . 


Retardation of contact, ſecond part, my" ,37 986. 


Hence 406% 05 - 7,31 = 398” . 287,74 the whole effect of parallax 
in accelerating the ingreſs. 


To compute the effect on the ſecond internal contact. 


C128. 8˙. 51” 
BPG= o. 14. 50 


5 gy ko 9.788373 | 
an PZ = 2 37- 36 . -*- ll. Dio eanh === vol 9,0534014 


DN = 12. 21. Is JETT | tan. 94340491 3 co- ar. coſ. 0,0010174 
1 67 „% FKP . 


4 


— — — — no 


IN = „ „ ol. 9.247678 


BS i= 80. IO, 47. 1 . 4 Fs 5 . my | . oF coſ. 9.234866 


E 1 


9 m. ʃ 


— Ü Ts © 9,99359 
Figl. cho ant logarithm. e ing 75:5 6 > wits 199 
From the next operation, ZBC= £419 a. 48” . „„ 982238 


Retardation of contact, firſt part, wry” 5 3533 2.45796 


L 


2 


8 | 
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H 


ZPB 12%. 54. 1 
PN = 
BN = 79. 48. 43 


PBZ= 15. 36. 6 
F5C=116. 1. 42 


10, . 15. . 


* 


. tan. 10,108749 


CERES ne pos | 9,330320 
VVV EIS e 
5 . 0 . 1 0 * 1 tan, 9.397 


W 37. 48 ; hence ZBC— DBC= =90*. 1. 400 2 


Second conſtant logarithm . . . . . 


2 x log. ſin. ZB 


2 * log. fin. ZBD 


Acceleration of contact, ſecond part, 


. * . . * . . 


=8",91 


44. GI 
„ 
- % . S000 
. * o * 0,950 


Hence 28 05 - 8”,91 =2758",14=4/. 38,14 the whole effect of parallax, 
in retarding the egreſs. Hence the whole duration was lengthened 11'. 16,88 


by parallax 


To compute the effect of parallax on the firſt internal contact at Otaherre. 


ZSC= 33% 57. of 
CSA = 8 57 
284 34. 7. 57 

Co-lat. Z § 72. 30. 43 
. 9. 41 
S4 =112. 38. 39 
NA = 43: 28. 58 - 
. it. 54 
EA . 


coſ. 9,917895 
tan. W 594 


tan. ett Ty. - 


Firſt conftant logarithm 35 
From the next operation, ZA C= we ac 27 


Retardation of contact, firſt part, %%% Ad 


F F F 2 


„ oo. guarobes 
co-ar. coſ. 0,448871 
3 9.860686 
+ 9.787412 
VV 9.89770 

„ %% „ one 
„ „ col a a0267 


— 


— 


— 
I 


2842 
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:.. 897 i + os fo ip | cube 9831152 
a * YT P ¾ ̃⁵⅛—af ᷑ ß 
NA 4. 28. 58 )VVVVVVVVVV RA 0,162325 


SAZ = 42. 18. ) 408 9, 964096 
1 52. 37 . — 


ZA 9. 45. 27; hence CAD- CAZ = 3. 500. 41 ZA D. 


Second conſtant logarithm VVV 
J ² SA WOW A is RY BU EAT es AR I Bs en 
J WA...... x + ICS 


Retardation of contact, ſecond part, =1",63z. . . . 0,2117 


Hence the ingreſs is retarded 341”,48 +1”,63=343",11=5. 43",11. 


To compute the effect of parallax on the ſecond internal contact. 


ZG 48*. 32. 0 
CSB= O. 14. 30 


—— — 


ZSB= 48. 46. 50 . col. 9, 818849 | 
| Co-lat. Z S 72. 30. 43 + » tan. 10, 50159 4 . . Col. 9, 47785 


SN = 64. 26 44 . . tan. 10, 320443. . co: ar. coſ. o, 365151 
SB =112. 32. 32 — — 


OE EY I LOT. TT FF - 9,824696 


// ᷣĩͤ n+ +++, 006 9.667702 


5 ))%%%%CCCCͥõͤ ⁵ od: BEG 
Firſt conſtant logarithm 3 335 
From the next operation, CBZ = oe Te 395 „„ „ not 


1 


22 


— 


Acceleration of contact, firſt part, m2382",47 > < -  - - - 258260 


— 
. 


ä — 


* 


ZSB= 
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£SB =48". 40. 5% m 1050587470 


SN =64. 26. 4 +» + +» » fin. 9,955291 
EN 045. „ / eo oo OE UOTE 


—— — f — 


—< •m ĩ AA 10, 141038 
SBC = 63. 59. 18 — — 


äẽU!“?“!DTT— — = __— 


CBZ = 9. 49. 39; hence CBA CBZ = 5. 25. 47 ZBD. 


Second conſtant logarithm „ %%%ͤͤ 
%%% 0d ĩͤ d >. WM! 
JJJͤ . ̃ͤů! ß 8 


Acceleration of contact, ſecond part, =4",49 . . 0,6520 


Hence the egreſs is accelerated 382",47 +4",49 = 386”,96=6'. 26”,96. 
Therefore the whole duration was diminiſhed 12“. 10,0). 


The total duration at Whardus was lengthened by parallax 11“. 16”,88, and 
diminiſhed at Otaheite by 12“. 10”",07 ; hence the computed difference of the 
times is 23'. 26%9 f; but the obſerved difference was 23“. 10”. 


622. Hence the *corre& parallax may be accurately found as follows. 


Becauſe the obſerved difference of the total durations at Wardhus and Otaheite 
is 23“. 10”, and the computed difference, from the aſſumed mean horizontal 
' parallax of the ſun 8”,83, is 23“. 26",95, the true parallax of the ſua is leſs than 
that aſſumed. Let the true parallax be to that aſſumed as 1 —e to 1, and (612) 


the firſt parts of the computed parallax will be leſſened in the ratio of 1—e : 1; 
and the ſecond parts, in the ratio of 1=eV to 1, or of 1—2e to 1 nearly. 
All the firſt parts, viz. 406",05; 287",05; 341",48;. 382,47, in all = 
141706. combine the ſame way to make the total duration longer at 
Wardhus than at Otaheite. As to the ſecond parts, the effects at Wardlius 


are % 31 and - 8“, 91, and at Otaheite are ＋ 1,63 and ＋ 4“, 49, in all= —- 


10% 10. Therefore 141 3-06 Xx | — 8&— 10% 10 Xx 12e = 1390“ the exceſs of 
the obſerved total duration at Wardhus above that at Otaheite; or 1417”",05 


3 | | 16 5 
10% 10 - 1390“ 1417,05 - 20%, 20 xe; and e: 1795585 O, 121. Hence 
5 


the mean horizontal parallax of the ſun = 8”,83 x 1 O, 012188“ 72316; and 


7 corrected = 32 912 x 1 —0,0121=323",944, whole logarithm is 2, 5 10649; 
ard the log. of 327,912 log. of 323944 2,5157572, 510469. The 
| | | s 
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on THE TRANSITS OF MERCURY AND VENUS OVER THE SUN'S DISC, 


Firſt internal contact at Wardhus . . . . 9* 34 10,6 
Effect of parallax , . . . -'. . + + +6. 34, 0 


Reduced to the earth's center . . . . 9. 40. 44, 6 


nnn , 


Der ee 
— ) > + ĩͤ ß . 


Reduced to the earth's center . . . 15. 22. 49, 71 


Firſt internal contact at Otaheite . 21. 44. 4 
%% VmwWA . v 95 


Reduced to the earth's center . . 21. 38. 25, 07 


\ 


Second internal contact . . . . ._ . © Is. © 
J RE LO I EY 


— 


— 


Reduced to the earth's center „ M0008 


ens 


— _ „ 


623. If we would calculate the parallaxes for any other places, the conſtant 
logarithms to be uſed will be found, by ſubtracting o, oo 529 from 264199 the 
firſt conſtant logarithm before uſed, and o, 1006 from o, 971) the ſecond con- 
ſtant logarithm before uſed; which gives the firſt conſtant logarithm corrected 
2, 63670, and the ſecond conflant logarithm corrected o, 9611. 


624. The further the planet paſſes from the center of the ſun, the greater 
will be the angle CBD, and therefore (612) the greater will be the parallax, 
ceteris paribus. Hence the tranſit in 1769 is better to deduce the parallax 
from, than that in 1761; for by gaining a greater difference of times of the 
tranſit ſeen from different parts of the earth, any given error therein mult leſs 
affe& the concluſion. | | 1 

625. Having explained the method of determining the ſun's parallax from 
the tranſit of Venus, we ſhall proceed to give the reſults deduced from the 


tranſits in 1761 and 1769. And firſt we ſhall give thoſe of Mr. J. Syorr, 


A.M. F. R. S. from a compariſon of the times of the ſame contact obſerved 
at the Cape of Good Hope, with thoſe in different parts of Europe. 


626. The | 


N 
| ON THE TRANSITS OP MERCURY AND VENUS OVER THE SUN'S DISC. 
626. The time of the internal contact at the Cape, in the tranſit of 
Venus in 1761, was 9h. 39'. 50”, and the difference of the longitudes of the 
Cape and Greenwich is 1h. 13'. 3 55 hence the time at Greenwich of the 
contact at the Cape was 84. 26'. 15”; but the obſerved time of the ſame con- 


tact at Greenwich was 84, 19', the difference of which, 7. 15”, is the effect of 


parallax between the two places. Now if we ſuppoſe the ſun's horizontal pa- 
rallax to be 8“ 5, it appears, by computation, that the effect of the parallax at 
the Cape is 6'. 8”, by which time an obſerver at the Cape would ſee the 
contact later than at the center of the earth; and the effect of parallax at 
Greenwich is 1“. 12”, by which time an obſerver would ſee the contact ſooner 
than at the center of the earth; therefore the ſum, 7'. 20”, is the whole effect 
of parallax between the two places. Hence 7'. 20“: 7. 15” :: 8", : 84 
the ſun's horizontal parallax from theſe obſervations. Thus, knowing the 
difference of longitudes, by comparing the times at the Cape with the fol- 
lowing places, Mr. Short deduced theſe horizontal parallaxes of the ſun. 


Phil. Tranſ. 1763. 
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The mean of theſe reſults is 8,47. 


627. Mr. Snort alſo determined the parallax from the whole time of the 
duration, in the following manner. He found the leaſt apparent diſtance of 
the center of Venus from the center of the ſun, to be g'. 32”; from which, and 
the horary motion of Venus, he found the total time of duration at the Fm 
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of the earth to be 54. 58“. 1”. And from an aſſumed parallax of 8”,5, he 
computed the effect upon the obſerved time of the tranſit, and thence found 
the total duration at the center of the earth, which he compared with 
5k. 58”. 1, and thence deduced the parallax. Phil. Tres. 1762. 

628. At Calcutta, the duration obſerved was 5. 500. 36”. Now upon 
ſuppoſition that the horizontal parallax of the ſun was 8“, 5, the effect of the 
parallax was 7'. 30% to Horten the duration; hence the duration at the center, 
from this n parallax, was 51. 58“. 6”. But the true time was found to 
be 51. 58“. 1”; this aſſumed Nane therefore gave the time too great by 5”. 


| Tank if 5 alter the parallax 1”, the time of duration will be altered 53”; hence 


63” : 5 :: 1“: oog the change of parallax correſponding to the difference 
2 of 1 this ſubtracted from 8%, 5 gives 8“ 4 for the parallax from this 
obſervation; and from a mean of fixteen obſervations of this kind, Mr. SuorT 
determined the parallax to be 8”,48. From the mean of all the obſervations 


computed by Mr. SyorT, he determined the parallax to be 8”, 557. 


629. Dr. HorxsBy, Savilian Profeſſor of Aſtronomy in the Univerſity of 
Oxford, from the mean of a great number of computations of the ſame tranſit, 
found the parallax to be 9”,73. But from a mean of nine obſervations of the 
tranſit in 1769, he found the parallax to be 8”,65. Hence the mean of 
Mr. SxorT's and Dr. Hornszy's concluſions give 8”,92 for the parallax. 
But if we take only thoſe obſervations the moſt to be depended upon, from 
which Dr. Hoxnszy computed in the firſt tranſit, the parallax at that time 
will be found to be only 8”,69 ; hence the mean reſult from the Doctor's 


two concluſions 8”,69, 8”,92, and of Mr. Snokr's 8”,557, is 8”,72 for the 


parallax at the times of the tranſits; and aſſuming 1,01 52 for the diftance of 
the ſun from the earth at the time of the tranſit, we have 1: 1,0152 :: 8,72 : 
8,8 5 for the parallax at the mean diſtance. EvLER made the mean parallax, 
8/68; M. PincRE, 8”.8; M. LEXELL, 8,63; M. du SEJOUR, 8,81; 
M. de la LAN PDE, 8“, 6. The mean of all theſe determinations is 873; 
which agrees (page 41 3) very nearly with Dr. MAskETYNE“'s calculation from 
the obſervations at Wardhus and Otaheite. We may therefore ſuppoſe the 


mean horizontal parallax of the ſun to be 87, with a great probability of it's 


being extremely near to the truth. Hence the radius of the earth : the diſ- 


tance of the ſun :: ſin. 8”z : rad. :: 1: 23575. 


630. The elements made uſe of by Mr. Sgokr in his calculations were,, 


the diameter of the fun = 31. 31“, the diameter of Venus = 59“, the horary 


motion of Venus in it's path = 3“ 59", „8, the angle of the apparent orbit of 
Venus with the ecliptic = 82. 30“. 10”, the neareſt diſtance of the centers of 
Venus and the ſun ſeen from the earth = . 32' and the difference of the 


horizontal parallaxes of Venus and the fun = 2135. 
- | i 631. The 
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631. The effect of the parallax being determined, the tranſit affords a very 


ready method of finding the difference of the longitudes of two places where 


the ſame obſervations were made. For compute the effect of parallax-in 
time, and reduce the obſervations at each. place, to the time if ſeen from the 
center of the earth, and the difference of the times is the difference of the 
longitudes. For example, we have ſhown (page 416) that the times at 
Wardhus and Otaheite, at which the firſt internal contact would take place at 
the earth's center, are 9/. 40“. 44",6 and 214. 38“. 25",07, the difference of 
which is 124. 2'. 19",53=180*. 34. 53” the difference of the meridians. 
From the mean of 63 reſults from the tranſits of Mercury, Mr. SyorT found 
the difference of the meridians of Greenwich and Paris to be 9. 15”; and 
from the tranſit of Venus in 1761, to be 9“. 10”, in time. 

632. The tranſit of Venus affords a very accurate method of finding the 
place of the node. For by the obſervations made by Mr. RITTENRHOsR at 
Norriton in the United States of America, the leaſt diſtance CM was JONI 
to be 10'. 10”; hence, col. MCY = 8*. 28'. 54” : rad. :: CM = 100. : CV 
= 10ʃ. 17” the ebe en of Venus at the time of eee and 
0, 72626: o, 28895 :: 1 4. 5” the heliocentric latitude CY of Venus; 
hence, tan. VNC=9*. 1 35": =; : the heliocentric latitude CY = 24. * 
GCN =1*. 8“. 52”, which added to 27. 13. 26'. 34“ gives 2% 14. 35. 26” for 
the place of the aſcending node of the achit of Venus. 


633. The time of the ecliptic conjunction may be thus found. Find, at 


any time (t), the difference (d) of longitudes of Venus and the ſun's center 
(Art. 636); find alſo the apparent geocentric horary motion () of Venus 
from the ſun in longitude, and then ſay, : 1 hour :: d : the interval 
between the time F and the conjunction, which interval is to be added to or 
ſubtracted from r, according as the obſervation was made after or before the 
conjunction. In the tranſit in 77, at 6h. 31“. * ent time at Paris, 
M. de la LAN DE found * 2'. 34 4, and =. 57",4; hence 3. 7 4: 
20. 34% :: 1 hour : 39. 1”, which ſubtracted from 64. 31'. 46”, becauſe at 
that time the conjunction was paſt, gives 5h. 52. 45 for the time of conjunc- 
tion from this obſervation. We may alſo thus find the latitude at conjunction. 
The horary motion of Venus in latitude was 35”,4; hence 60' : 395 13 
35% : 23” the motion in latitude in 39, 1, which ſubtracted from 10“. 17, 2 


the latitude obſerved at 64. 31“. 46”, gives 9. 38“ 2 for the latitude at the time 


of conjunction. 
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ox THE TRANSITS OF MERCURY AND VENUS OVER THE SUN'S DISC. 


Or the N eceſſary Objervations to be made in the T ranfit of Venus 
over the Sun's Dije. 


86 34. Previous to the time of the beginning of the tranſit, the obſerver ſhould 


have his teleſcope properly fixed, and prepared with black glaſſes to defend the 
eye, and ſhould know, from his computations, the point of the ſun's limb where 


Venus is expected to enter. Upon that part of the limb he ſhould keep his 


eye ſteadily fixed, and at the inſtant he ſuſpects the contact to take place, he 
muſt note the time, and proceed to obſerve, in order to be certain that 
he was not miſtaken. If he find that he was miſtaken, he muſt continue to 
wait for it, always noting the time when he ſuſpects it, in order that he may 


not miſs it when it really does happen. Venus having entered the ſun's diſc, 


wait for the internal contact, and note it's time. Do the ſame for the internal 
and external contact, when Venus paſſes off the diſc. In the tranſit in 1767, 
the Rev. Mr. Hiks r, F. R. S. at Madraſs, obſerved a kind of penumbra, or 
duſky ſhade, which preceded the firſt external contact two or three ſeconds 
of time, and was ſo remarkable, that he was thereby aſſured that the contact 
was near, which happened accordingly. In the tranſit in 1769, Dr. MasKE— 
LYNE was Very attentive to obſerve if this circumſtance took place, but he 
could perceive no ſuch effect. When Venus was a little more than half im- 
merged into the ſun's. diſc, he ſaw it's whole circumference completed, hy 
means of a vivid, but narrow ill-defined border of light, which illuminated 


that part of it's circumference which was off the ſun; but this diſappeared 


about 27 or 3 before the internal contact. In the tranſit in 1769, Mr. HI RSH had 
warning of the approach of Venus to the external contact, by the ſudden ap- 
pearance of a violent coruſcation, ebullition, or agitation of the upper edge 


of the ſun, five or ſix minutes before the limb of Venus broke in upon the ſun. 


Fhis he thinks might be owing to the atmoſphere of Venus. He did not, 
however, obſerve any kind of penumbra, as in the other tranſit. Some ob- 
ſervers perceived, at the firſt external contact, a kind of watry pointed ſhadow, 


appearing to give a tremulous motion to that part of the ſun's limb. Moſt of 


the obſervers took notice of a tremulous motion of the ſun's limb, which ren- 
dered the true time of the contact uncertain to ſeveral ſeconds. Some Aſtro- 


nomers, at the laſt tranſit, obſerved a luminous creſcent at the times of the 


ingreſs and egreſs, which enlightened that part of Venus's circumference which 
was off the ſun, ſo that the whole circumference was viſible. At the internal 


contact, che limb of Venus ſcemed, to moſt of the obſervers, to be united to the 


ſun's 
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ſun's limb by a black protuberance. or ligament, which was not broken by the 
thread of light, till ſome ſeconds after the regular circumference of Venus 
ſeemed to have coincided with the ſun's. 
light between the limbs did not break inſtantaneouſly, the points of the threads 
darting into each other, and parting again, in a quivering manner, ſeveral 
times before they finally adhered. Perhaps the beſt way to get the time of the 
internal contact, is to judge by the eye, from that part of the circumference of 
Venus which 1s not diſturbed, when the regular circumference of Venus would 
juſt touch the ſun's limb. Hence it appears, that Dr. HALLE was miſtaken, 
in ſuppoſing that the contacts could be obſerved to a ſecond of time; and 
accordingly the obſervations made by different obſervers, and reduced to the 
ſame meridian, differed more than was expected. The mean of all the obſer- 
vations however have counterbalanced this, and rendered the determination of 
the parallax of the ſun to be depended upon to very great accuracy. 

635. After the firſt internal. contact, the next obſervations are to determine 
the neareſt approach of their centers. 


diameter of Venus, and the neareſt diſtance of the exterior limb of Venus from 
the neareſt point of the ſun's limb; and this is done by bringing the limb of 
Venus up to the ſun's limb in different parts till you find that you have got 
the neareſt diſtance ; or by Mr. Dol Loxp's divided object glaſs micrometer, 
it is done by turning about the micrometer in it's own plane, and when, during 


this motion, Venus is carried parallel to a tangent to the neareſt point of the 


limb, or ſo as to continue to form a perfect internal contact, this is the poſition 
to meaſure the leaſt diſtance of their limbs; then ſubtract the ſemidiameter of 
Venus from the radius of the ſun, and you have the diſtance of their centers 
at that time. If the ſun be ſo near to the horizon, that it's vertical diameter 
is ſhortened by refraction, then, from the poſition of Venus, compute (207) 
how much that radius of the ſun, in which ſhe is, is ſhortened, and ſubtract the 
ſemidiameter of Venus from it. In thoſe countries where the middle can be 
' obſerved, continue to obſerve the diſtance of Venus from the neareſt point of 
the ſun's limb till that diſtance increaſes no longer, and you then get the neareſt 
approach of their centers. If you cannot obſerve the middle, the leaſt diſtance 
may be thus found. Let vc, wC be two obſerved diſtances of the centers of 
Venus and the ſun; note the time when each obſervation was made, and yow 
have the time through vw, and knowing the horary motion of Venus in it's 
apparent orbit, you will know vw. Hence you know Cv, Cw, vw, from 
which, compute the angle Cwwv ; therefore in the right angled triangle Cho, 
you know Cu, and the. angle C wh, to find Ci the leaſt diſtance required. 

| : if 


Others obſerved that the thread of 


This is beſt done with a micrometer |. 
fixed to the teleſcope, by meaſuring the horizontal diameter of the ſun, the 
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If ſeveral obſervations of this kind be made, the mean of the reſults will give 
the leaſt diſtance more accurately. If the teleſcope be mounted on a polar 


axis, it will be more convenient. 


636. Secondly, the diſtance of Venus from the ſun's center may be found 
by a wire micrometer adapted to a teleſcope to meaſure the difference of right 


aſcenſions and declinations, or by Mr. DoLLGAND's divided object glaſs micro- 


meter; ſee my Treatiſe on Practical Aſtronomy, Chap. vi. Let P be the pole of 
the equator EQ, » the place of Venus; draw the great circles, VCF, PwD, 
and Cx parallel to DF. Then having determined the difference wx of decli- 
nations of Venus and the ſun's center, and the difference DF of their right aſ- 


cenſions, multiply DF by the coſine of FC the ſun's declination, and (13) you 


get Cx; knowing therefore wx, xC, in the right angled triangle wxC, you know 


20 C. The diſtance of Venus from the ſun's center being twice taken, and the 
time between, you get the leaſt diſtance Ch as before. Having determined the 


difference of the right aſcenſions and declinations of the ſun and Venus at any 


time, you may find the difference of their longitudes by Art. 385. 

637. The parallax of the fun, from the tranſit of Venus, being determined 
from the difference of the times of the tranſits at two places, the concluſion 
will be moſt accurate when that difference is the greateſt poſſible. The places 
therefore to be choſen for the two obſervations ſhould be upon oppoſite meri- 


dians, and ſuch, that the middle of the tranſit may be when the ſun is upon 


the meridian ; for under theſe circumſtances, the ingreſs at one place will be 
accelerated and the egreſs retarded, increaſing thereby the time of the tranſit, 
and the ingreſs at the other place will be retarded and the egreſs accelerated, 
by which the time of the tranſit will be diminiſhed ; the difference therefore of 


the times of the tranſits at the two places will thus become the greateſt. 


As the tranſit muſt be obſerved under oppoſite meridians, it muſt happen in 
the day at one of the places, and at night at the other ; the place therefore 


where it happens in the night muſt be ſo near to the north or ſouth pole, ac- 


cording as the declination of the ſun is north or ſouth, that the ingreſs may be 
obſerved before the ſun ſet, and the egreſs the next morning after it riſes. 
Hence the tranſits of Venus which happen in June are more convenient than 
thoſe which happen in December, becauſe there is a great choice of ſituations 
towards the north pole, which is not the caſe towards the ſouth. Dr. HALLE x 


made a miſtake, by ſetting off the axis of the planet's orbit on the ſame fide of 


the ecliptic that the axis of the equator was fituated, inſtead of the contrary ſide. 
By uſing therefore the difference of theſe two angles inſtead of their ſum, he 
made the difference of the times of the tranſit in 1761 ſeen at the Ganges and 


Port Nelſon (two places recommended by him for obſerving this tranſit) longer 


by 29” than it ought, as computed by Dr. Honk xs; ſee the Phil. Tranſ. 1763. 
| To 
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To determine at That Countries the Ingreſs and E greſs are vi Able. 


638. Elevate the north or ſouth pole of the terreſtrial globe above the ho- 
rizon equal to the ſun's declination at the time of the tranſit, according as the 
declination is north or ſouth. Bring Greenwich, for inſtance, to the meridian, 
and ſet the index to twelve. Now for the ingreſs, turn the globe and ſet it to 
the hour the ingreſs happens, and the globe will be in a proper poſition for 


that time, the ſun being vertical to that hemiſphere. of the earth above the 


horizon of the globe. The beginning of the tranſit is therefore viſible to that 
hemiſphere. To thoſe places under the weſtern ſemicircle of the horizon, the 
fun 1s then riſing, and therefore to ſuch places the tranſit begins at ſun riſe. 


To thoſe places under the eaſtern ſemicircle of the horizon, the ſun is then 


ſetting, and therefore the tranſit there begins at ſun ſet. To thoſe places lying 


under the meridian, the ingrels begins at twelve o'clock. 
Set the index, by turning the globe, to the time of the middle of the tranſit, 


and proceed as before. Then in the weſtern ſemicircle of the horizon you will 
ſee all thoſe places where the middle is at ſun rife ; and under the eaftern ſemi- 
circle of the horizon, thoſe where the middle is at ſun ſet. And the places 


under the meridian are thoſe where the tranſit is at the middle at twelve 
o'clock. 

Turn the globe, od. ſet the index to the time of the egreſs, and the egreſs 
will be viſible to all the countries above the horizon. The places lying under 
the meridian are thoſe where the tranſit ends at twelve o'clock. Under the 
weſtern ſemicircle of the horizon, lie the places where the end is at ſun riſe. 
And under the eaftern ſemicircle of the 88 lie the places where the end is 


at ſun ſet. 


The times when any of theſe appearances happen at any other place, may 


be found, by taking the difference between the meridians, and converting it 
into time, and applying that difference to the time at Greenwich. 
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Art. 639. Cos ETS are ſolid bodies, revolving i in very excentric ellipſes 
about the ſun in one of the foci, and are therefore ſubje& to 
the ſame laws as the planets, but differ in appearance from them ; for as they 
approach the ſun, a tail of light, in ſome of them, begins to appear, which in- 
creaſes till the comet comes to it's perihelion, and then it decreaſes again, and 
vaniſhes ; others have a light encompaſſing the nucleus, or body of the comet, 
without any tail. The moſt ancient philoſophers ſuppoſed comets to be like 
planets, performing their revolutions. in ſtated times. AR1STOTLE, in his firſt 
book of Meteors, ſpeaking of comets, ſays, But ſome of the Italians, . called 
' Pythagoreans, ſay, that a Comet is one of the Planets, but that they do not 
appear unleſs after a long time, and are ſeen but a ſmall time, which happens 
alſo to Mercury.” SExECA alſo in Nat. Queſt. Lib. vii. ſays, © AroLLonius | 
affirmed, that the Comets were, by the Chaldeans, reckoned among the Planets, 
and had their periods like them.” SEN ECA himſelf alſo, having conſidered 
the phænomena of two remarkable comets, believed them to be ſtars of equal 
duration with the world, though he was ignorant of the laws that governed 
them ; and foretold, that after ages would unfold all theſe myſteries. He re- 
commended it to Aſtronomers to keep a catalogue of the comets, in order to 
be able to determine whether they returned at certain periods. Notwithſtand- 
ing this, moſt Aſtronomers from his time till Ty Brant, conſidered them 
only as meteors, exiſting in our atmoſphere. But that Aſtronomer, finding 
from his own obſervations on a comet, that it had no diurnal parallax, placed 
them above the moon. Afterwards KEILER had an opportunity of obſerving 
two comets, one of which was very remarkable ; and from his obſervations, 
which afforded ſufficient indications of an annual parallax, he concluded, 
that comets moved freely through the planetary orbs, with a motion not 
much different from a rectilinear one; but of what kind he could not preciſely 
determine.” HEVELIUS embraced the ſame hypotheſis of a rectilinear motion; 
but finding his calculations did not perfectly agree with his obſervations, he 
concluded, that the path of a comet was bent in a curve line, concave towards 
the ſun.” He ſuppoſed a comet to be generated in the atmoſphere of a planet, 
and to be * from it, partly by the rotation of the planet, and then to 


revolve 
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| revolve about the ſun in a parabola by the force of projection and it's tendency 


to the ſun, in the ſame manner as a projectile upon the earth's ſurface deſcribes 


a parabola. At length came the famous comet in 1680, which deſcending 
nearly in a right line towards the ſun, aroſe again from it in like manner, which 
proved it's motion in a curve about the ſun. G. S. Dozr FELL; Minifter at 
Plaven in Upper Saxony, made obſervations upon this comet, and found that 
it's motion might be very well repreſented by a parabola, having the ſun in it's 
focus. He was ignorant however of all the laws by,which the motion of a 
body in a parabola is regulated, and erred conſiderably in his parabola, making 


the perihelion diftance about twelve times greater than it was. This was 


publiſhed five years before the Principia, in which work Sir I. NREwWT on 
having proved that KEPIER's law, by which the motions of the pla- 
nets are regulated, was a neceſſary conſequence of his theory of gravity, it 
immediately followed, that comets were governed by the ſame law; and the 
obſervations upon them agreed ſo accurately with his theory, as to leave no 
doubt of it's truth. That the comets deſcribe ellipſes, and not parabolas or 
hyperbolas, Dr. HALLE T, (fee his Synopfes of the ney ef Comes advances 
the following reaſons. -- 

« Hitherto I have. conſidered the orbits 57 comets as — paasbolic. 5 
upon which ſuppoſition it would follow, that comets, being impelled towards 
the ſun by a centripetal force, would deſcend as from ſpaces infinitely diſtant; 
and, by their ſo falling, acquire ſuch a velocity, as that they may again fly off 
into the remoteſt parts of the univerſe, moving upwards with a perpetual ten- 
dency, ſo as never to return again to the ſun. But ſince they appear frequently 
enough, and ſince none of them can be found to move with an hy perbolic 
motion, or a motion ſwifter than what a comet might acquire by it's gravity 
to the ſun, it is highly probable they rather move in very excentric elliptic 
orbits, and make their returns after long periods of time: for ſo their number 
will be determinate, and, perhaps, not ſo very great. Beſides, the ſpace be- 
tween the ſun and the fixed ſtars is ſo immenſe, that there is room enough for 
a comet to revolve, though the period of it's revolution be vaſtly long. Now, 
the latus rectum of an ellipſis is to the /atus redtum of a parabola, which has 
the ſame diſtance in it's perihelion, as the diſtance in the aphelion, in the 
ellipſis, is to the whole axis of the ellipſis. And the velocities are in a ſub- 
duplicate ratio of the ſame: wherefore, in very excentric orbits, the ratio comes 
very near to a ratio of equality; and the very ſmall difference which happens, 
on account of the greater velocity in the parabola, is eaſily compenſated in 
determining the ſituation of the orbit. The principal uſe therefore of the 
Table of the elements of their motions, and that which indeed induced me to 
conſtruct it, is, that whenever. a new comet ſhall appear, we may be able to 

ann - know, 
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| know; by: comparing together the elements, whether it be any of thoſe which 


has appeared before,” and conſequently to determine it's period, and the axis 
of it's orbit, and to foretel it's return. And, indeed, there are many things 
which make me believe, that the comet which Apfax obſerved in the year 
1531, was the- fame with that which KzyLer and /LoncomonTANUS more 


2 — deſeribed in the year 1607; and Which I myſelf have ſeen return, 


and obſerved in the year 1682. All the elements agree, and nothing ſeems to 
contradict this my opinion, beſides the inequality of the periodic revolutions: 


which inequality is not ſo great neither, as that it may not be owing to phyſical 
cauſes. For the motion of Saturn is ſo diſturbed by the reſt of the planets, 


eſpecially Jupiter, that the periodic time of that planet is uncertain for ſome 
whole days together. How much. more therefore will a comet be ſubject to 


ſuch like errors; which riſes almoſt four times higher than Saturn, and whofe 
velocity, though increaſed but a very little, would be ſufficient to change it's 
orbit, from an · elliptical to a parabolical one. And I am the more confirmed 
Ain er inion of it's being the fame; for, in the year 1456, in the ſummer- 
time, a camet was ſeen paſſing retrograde between the earth and the fun, much 


after 18 ſame manner; which, though nobody made obſervations upon it, 


yet, from it's period, and the manner of its tranfit, I cannot think different 
from thoſe T have juſt now mentioned. And ſince looking over the hiftories 
of comets, I find, at an equal interval of time, a comet to have been ſeen 
about Eaſter in the year 1305, which is an another double peribd of 151 years 
before the formef. Hence, I think, I may venture to en ay it ue return 


Þ 


on in the year 1758.” Pc} 119 0601567 1 nen 10197 


640; Dr. HatLey computed the effect of Jupiter upon this' comet in 1682, 
and found that ĩt would inereaſe it's periodic time above a year, in conſequence _ 
of which he predicted it's return at the end of the year 1758, or the beginning 


of 1759. He did not make his computations with the utmoſt accuracy, bur, 


as he himſelf informs, leui calamo. M. CLarravr computed the effects both 


of Saturn and Jupiter, and found that the former would retard it's return in 
the laſt period 100 days, and the latter 511:days; and he determined the time 
when the comet would come to it's perihelion to be on April 1 5, 17 59, ob- 
ſerving that he might err a month, from neglecting ſmall quantities in the 
computation. It paſſed the perihelion on March 13, within 33 days of the 
time computed. Now if we ſuppoſe the time ſtated by Dr. HALLE to mean 
the time of it's paſſing the perihelion, then if we add to that 100 days, ariſing 
from the action of Saturn which he did not conſider, it will bring it very near 
to the time in which it did paſs the perihelion, and prove his computation of 
the effect of Jupiter to have been very accurate. If he mean the time when it 


would firſt der, his prediction was very accurate, for it was firſt ſeen on 
: * | December 
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December 14, 1758, and his computation of the effects of Jupiter will then 
be more accurate than could have been expected, conſidering that he made his 


calculations only by an indirect method, and in;a-manner-profefledly not very 
accurate, Dr. HALLEY therefore had the glory, firſt to foretel the return of 


a comet, and the event anſwered remarkably to his prediction. He further 


obſerved, that the action of Jupiter, in the. deſcent of the comet towards it's 
perihelion in 1682, would tend to increaſe the inclination of it's orbit; and 
accordingly the inclination in 1682 was found to be 22“ greater than in 1607. 
A learned Profeſſor (Dr. Loxg's Aſtronomy, p. 562) in Italy to an Engliſh 
gentleman writes thus. Though M. de la LAx DE, and ſome other French 
gentlemen, have taken. occaſion to find fault with the inaccuracies of HALLE L's 


calculation, becauſe be himſelf had ſaid he only touched upon it lightly ; - 


nevertheleſs they can never rob him of the honour, — Firſt, of finding out that 
it was one and the ſame comet which appeared in 1682, 1607, 1531, 1456, 

and 1305. —Secondly, of having obſerved that the planet Jupiter would cauſe 
the inclination of the orbit of the comet to be greater, and the period longer. 
— Thirdly, of having foretold that the return thereof might be retarded till 
the end of 1758, or the beginning of 1759.“ From the obſervations of 
M. Mxess1zs upon a comet in 1770, M. Epric ProsegrIN, Member of 
the Royal Academies of Stockholm and Upſal, ſhowed, that a parabolic orbit 
would not anſwer to it's motions, and he recommended it to Aſtronomers to 
ſeek for the elliptic orbit. This laborious taſk'M. LxX ELI undertook, and has 
ſhown that an ellipſe, in which the periodic time is about five years and ſeven 
months, agrees very well with the obſervations. See the Phil. Tranſ. 1779. 

As the ellipſes which the comets deſcribe are all very excentric, Aſtronomers, 
for the eaſe of calculation, ſuppoſe them to move in parabolic orbits, for that 


part which lies within the reach of obſervation, by which they can very accu- 


rately find the place of the perihelion, it's diſtance from the ſun, the inclination 
of the plane of it's orbit to the ecliptic, and the place of the node. Previous 


therefore to the determination of the orbit of a comet from obſervation, we 


muſt premiſe ſuch particulars reſpecting the motion of a body in a parabola, 
as may be neceſſary for ſuch an inveſtigation. Several of the principles which 


we are here obliged to make ule of, will be proved when we come to treat on 


the Phyſical Principles of Aſtronomy. 
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On the Motion of a Body in a Parabola. 


| ok not bing ado} IE IE V - Is 
641. Let APM be a parabola, & it's focus, 4 the vertex, P the place of 
the body, draw P perpendicular to AS, and PD perpendicular to the tan- 
gent PT, alſo SM perpendicular to AD. Now, by the property of the pa- 
rabola, Q is equal to half the latus rectum; hence if AS=1, then QD=2 
alſo the angle PSA= 2 PDA ;' therefore if O be radius, PA will be the 
tangent of PDA, or 1 PSA; hence to the radius AS, P will be twice the 
tangent of 3 PSA; therefore if 2 PQ, t will be the tangent of (z) half the 
true anomaly PSA, to the radius AS=1: Allo, by the property of the para- 

bola, 4 2.x 44 PN, hence Ai; alſo the area AQ P=4$7*z and as 


2 =, the area 2PS=t—13; hence the area ASP=+$1*+t ; alſo the 


area ASM=4$, Now let a and & be the times in which the comet moves from 
A to M, and from Ato P; then, as the areas deſctibed about & are ener 
to the times, 4: 1 1 1. therefore at? +3 at 4. | 

642. Hence if a, and the true anomaly be given, we h_ the time 
b=3at*+43at. Alſo; becauſe 4: + ::'#: 1, therefore if the true anomaly, 
and conſequently 7, be given in different parabolas, the times of deſcribing 
thoſe true anomalies from the perihelions will be in proportion to the times of 
deſcribing go? from the perihelions. 


643. If che times 4 and þ be given, the true anomaly may be found from 
reſolving the cubic equation P+31= 0 which may be done thus. In the 


right angled triangle CAB, let AB=1, AC= 75 and compute BC; then find 


two mean . er gt enten W and 20 AC, and their difference 
is the value of . n 


, 
0 


644. Take, the fluxion of P+31= . VE have — x 5 but 
| [PT — Res le 
IT 23 henee we get 22= = x Tok: 2 * the variation 


Jo 14 34 
of the true anomaly. correſponding to any ſmall variation & of time expreſſed 
in decimals of a day, à being expreſſed in days. ; 

645. Let SA be the mean diſtance of the earth from the ſun ;. then the 


area of the cirele, deſcribed with that radius, will be 3, 14159; alſo the area 


AMS =. Now the velocity in the parabola : velocity in the circle :: &- 
: I, and the areas deſcribed in the ſame time will he in the ſame ratio, becauſe 
| : Fr - 
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at A the motion in each orbir being perpendicular to SA, the areas deſcribed will 
be as the velocities, and it being ſo in one caſe, it muſt be always ſo, becauſe 
in each orbit reſpectively equal areas are deſcribed in equal times, as will be 
afterwards proved. But the times of deſcribing any two areas are as the areas 


directly, and the areas deſcribed in the ſame time inverſely ; therefore 22492 


55 — * +9 :: the time of the revolution in the circle = 36 5d. 6h. : 
— deſcribing AM= 1094. 140%. 46. 20”. Now as the time of deſcribing 


AM is in a given ratio to the time in the — which (as will be afterwards 


ſhown) varies as AS, * therefore if r= the perihelion diſtance in any other para- 


bola, _ have 15 1 :: 109d. 144. 40. 20” : the time of deſcribing go* in 


that parabola from the perihelion. Hence, knowing the time cotreſponding to 
any true anomaly in that parabola whoſe perihelion diſtance = 1, we know the 
time correſponding to the ſame true anomaly in any other parabola, becauſe the 


(642) times of deſcribing go? are as the times correſponding to the ſame true 


anomaly; therefore if » be the number of days correſponding to any given 


anomaly in that parabola whoſe perihelion diftance is unity, then ur will be 

the time 7 correſponding to the ſame anomaly in that whoſe perihelion diſtance 
is 7; this may be readily found thus. Multiply the log. r by 3 and divide by 
2, and to the quotient add the log. 1, and the ſum will be the log. of the time 
required. Hence alſo = = therefore if from the log. ? we ſubtract à log. , 


it gives the log. x of the number of days correſponding to the ſame anomaly 


in the parabola. whoſe perihehon diſtance = 1 ; hence the anomaly will be 


found from the Table at the end of this Chapter, which exibits the times cor- 
reſponding to the true anomaly for 200000 days from the perihelion, in that 
parabola whoſe perihelion diſtance. is unity. This Table may be conſtructed 
by Art. 641. by taking 4 = 109, 6154, and afſuming 5 =1, 2, 3, 4, &c. and 
finding the correſponding values of 7. Dr. HALLEx firſt conſtructed a Table 
of this kind. M. de la CaiLLE changed it into a more convenient form, by 
putting the areas for the times ; that wRIch we have here gen was computed 


by M. de LamsRE. 
646. Draw S perpendicular to the tangent ; then S P: ST. ST: $4, 
therefore IP: W SA:: SP: SY :: rad. : coſ. PSY, or 4 PSA the true ano- 


maly; or SP: SA: rad. : col. | true anom. Hence if SA =1, and a 


=43 ÞSA, a- a—x= Ip 84, then 1 : V/8P :: coſ. a+x : rad. and vVSp : 2 1 22 
rad. : coſ. 2 , hence p: vSP 2 coſ. a+x : coſ. a- &. 


647. Hence 
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II- +: coſ. 4 x coſ. x: fin. ; a x ſin.  :: * fn. 4 col. 4 
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SAT; Fence $7 am col. 3 true anom.“ 
log SA ſubtract twice the log. coſ. 4 true anomaly, and the remainder 1s the 
log. of the diſtance of the comet from the ſun. 

648. Erect BD perpendicular to 4B, take BC= AB, produce AC to E, 
and draw EDF perpendicular to AE, meeting AF parallel to BD in F, join 


; » radius being unity; therefore from 


AD, and draw DG, CH parallel to AB. Then, as EAF=45,% EA=EF; 


alſo FG GD = AB; hence AF BD BA, and GH = BD BA; allo, by 
ſimilar. —_— AF or BD'+B4 : CD=GH or BD —BA :: EF or EA 

1 Y:: tan. DAE; but AB : BD :: rad. : tan. BAD, from 
which ror 45%, and we have BD + BA: BD BA” :: md. : 
tan. of chat difference. If BD = SP, FP, and BA= p, then V 5: * Fp 


1 rad. : tan, 34D=vS, hence, to. get that angle, take half the difference 


of the logarithms of SP and Sp, and add 10 to the index (becauſe in the log. 


tangents, the index of log. tan. of 45˙, or log. of rad. = 1, is 10, inſtead of o,) 
and it gives t the log. tangent of the angle; from which take 45 mn we eg 


V y: V- V:: rad. : tang, of that difference! | 
649. Hence if we know two radii SP, Sp, and the angle PSp 8 
we can find the two anomalies, For let a be 4 of 4S$P+ ASp, and x be z 


of ASP—ASp, then 1 ASP=a+*, and 4 ASp=a—#; hence (646) 


: I:; ; col. a+x : coſ. a- * :: (by plane Trig.) col. a x coſ. x 


ſin. 4 „ fin. K: col. a x col. * + ſin. a x fin. x, therefore VSP+VSp : 


col, fin. x, | 
cot. a: 


tan. x. Now the ratio of the two firſt terms is found from the laſt Article, and 
as the angle PSp is given, the value of x will be given, hence we find a, and 
conſequently we know the ſum and difference of ASP, ASp, therefore we 
know the angles themſelves. If p lie on the other fide of A, then we know a, 
to find x. 

650. Given two diſtances SP, Sp from the foo to the curve of a parabola, 
and the angle between them, to find the parabola. With the centers P and 
p, and radii PS, p8, deſcribe two circular arcs rw?, mvn, to which draw the 
tangent avwbh; draw ST perpendicular to ab, and biſect it in A, and it will 
be the vertex of the Pr hence we * deſcribe the parabola. 


Given 
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Given the Elements of the Orbit of a C omet, to compute it's Place at any Time. 


651. The elements of the orbit of a comet are, 1. The time when the 

comet paſſes the perihelion.— 2. The place of the perihelion. — 3. The diſ- 
tance of the perihelion from the fun.— 4. The place of the aſcending node.— 
5. The inclination of the orbit to the ecliptic. From theſe elements, the place 
at any time may be computed ; and, for example, we ſhall take that given by 


M. de la CAiLLE in his Aſtronomy. The comet in 1739» which was retro- - 


grade, paſſed it's perihelion on June 175 at 10h. 9“. 30“ mean time; the place 
of the perihelion was in 30. 125. 38“. 40”; the perihelion diſtance was 0,673 58, 
the mean diſtance of the earth from the fun being unity ; the acending node 
was in o'. 27%. 25. 14”, and the inclination of the orbit 55˙. 42”. 44“ to 
compute the place ſeen from the earth on Auguſt 17, at 14. 20” mean time. 
Let WAY be the parabolic orbit of the comet, N the aſcending node, 5 
the place of the comet, 7 the correſponding place of the earth, and draw Po 
perpendicular to the ecliptic ; produce SN, Sv, SP, ST to u, u, þ and t the 
ſphere of the fixed ſtars, and deſcribe the great circles 5. nu and pu. 5 


N interval of time from the perihelion to the given time is 614. 4h 

10“. 30“ 61,174, whoſe log. is 1,786567; alfo'the log. of ,67958 is 
9, 828388, 2 of which log. (from the nature of logarithms) is 9, 742 582, which 
. ſubtracted from 1,786 567 leaves 2:043985, the log. of 110, 6587 days, which, 
by the Table, anfwers to 1 o*. 21'. 38” the true anomaly PSA at the given time. 

II. Subtract g*. O. 21'. 38” from 3*. 12% 38. 40“ the place of the perihe- 
lion, becaufe the comet was retrograde and had "aſſed the perilielion, and it 
leaves 129. 17, 1” for the heliocentric E P of the comet in it's orbit. 

III. The longitude of u is 27% 25. 14”, alſo pu= 1 25.14 12˙. 1. 1“ 
=15*. 8“. 13“; hence rad. : coſ. pnu= 55% 42. 44“ :: tan. pn = 155. 8. 13“: 
tan. vn 8. 39'. 53" the diſtance of the comet from the aſcending node, mea- 
ſured upon the ecliptic. 

. SURAR this value of un, from the place of the node and there remains 
1 8⸗ 45. 21“ u the true heliocentric Pr of the comet reduced to the ecliptic 


V. As rad. : fin. p 15. 8. 13 :: hn. pnu= 55% 42. 44 A {our | 


12%. 27. 34* the latitude ſeen from the ſri, which 1s ſouth. 
VI. The true Place F: of the earth at the ſame time is 10˙. 24*. 34. 26"; 
hence TSp =35*. 25. 24”; therefore eds + SU TSU T. 24% 10'. 45". 


Alſo TS=1,0115. 


VII. By Art. 646. col. 45. 10. 49” : rad,” 2 67358 SP 1,3557. 
VIII. As 
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VIII. As rad. : coſ. PSv=129. 27. 94” :: SP=1,3557 : Sv=1,32377- 

IX. In the triangle TSv, we know TS, Sv and the included angle 7 Sv; 
hence, by plain Trigonometry, we find the angle STv= 77. 33'. 38” 1, which 
ſubtracted from 4*. 24*. 34. 36”, the place of the ſun, leaves 2. 5% O. 57” 4 
for the comet's true geocentric longitude. 3 

X. By Art. 278, as fin. 54*. 100. 45” : fin. 77. 33“. 38's :: tan. PSv= 


| 129. 2. 34” : tan. Pyr 14%. 54. 4 the comet's true geocentric latitude. 


To determine the Orbit of a Comet from Obſervation. 


6652. Sir I. Nzwron firſt reſolved this problem, which he called Problema 
Jonge difficillimum. The orbit of a comet may be computed from three obſerva- 
tions; but although that data be ſufficient, the direct ſolution of the problem 


is impractible. Aſtronomers therefore have ſolved this problem by indirect 


methods, / firſt finding an orbit very near to the truth by mechanical and 
graphical operations, and then, by computation, correcting it, until ſuch a 
parabola was found as would fatisfy the obſervations. We ſhall therefore begin, 
by ſhowing. the methods by which the orbit may be nearly determined; and 
then explain the manner in which it may be corrected by calculation. 

653. M. de la LAxpz propoſes the following mechanical method of 


finding the orbit nearly. Divide the diſtance of the earth from the fun into 


ten equal parts, and deſcribe ten parabolas whoſe perihelion diſtances are, 
1, 2, 3, &c. of theſe parts, and divide theſe parabolas into days from the 
perihelion, anſwering to the motion of a body in each. Let $ be the ſun, 
a, b, c, the places of the earth at the times of three obſeryations of the comet. 
Then take three geocentric latitudes and longitudes of the comet, and ſet off 
the elongations Saa, Sùg, Sey in longitude. From a, &, c, extend three fine 
threads am, an, ap, vertical to aa, bÞ, cy, making angles with them equal to the 
geocentric latitudes reſpectively. Then take any one of the parabolas, and 
placing it's focus in & apply the edge to the threads, and obſerve whether 
you can make it touch them all, and whether the intervals of time cut off 
by the threads upon the parabola be equal to the reſpective intervals of the 
obſervations, or very nearly ſo; and if theſe-circumſtances take place, you have 
then gotten the true parabola, or very nearly the true one. But if the para- 
bola do not agree, try others, till you find one which does agree, or very 
nearly ſo, and you will then have got very nearly the true parabola, whoſe 
inclination, place of the node, and perihelion are to be determined as 
accurately as poſſible from menſuration; alſo the projection upon the ecliptic. 

If 
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If none of theſe parabolas ſhould nearly anſwer, it ſhows, that the perihelion 
diſtance muſt be greater than the diſtance of the earth from the ſun, in which 
caſe, other parabolas muſt be conſtructed; but this does not very often happen. 
This method will determine the elements very nearly; but it would be 
extremely troubleſome to conſtruct and divide ſo many parabolas, if we 
only wanted to compute the elements of one comet; for thoſe who purpoſe to 
make many computations of this kind, it might be worth while to have 
a ſet of parabolas thus divided. To avoid this trouble therefore, I propoſe 
to do 1t in the following manner by means of one parabola, without dividing 
It. „ | 
654. Take a firm board perfectly plane, and fix on paper for the projection; 
let a groove be cut near the edge, and five perpendiculars be moveable 
in it, ſo that they may be fixed at any diſtances. Let & repreſent the ſun, 
and deſcribe any number of circles about ir. Compute five geocentric latitudes 
and longitudes of the comet, from which you will have the five elongations 
of the comet at the times of the reſpective obſervations. Draw SA, SB, SC, 
SD, SE, making the angles ASB, BSC, CSD, DSE, equal to the ſun's mo- 
tion in the intervals of the obſervations; and on any one of the circles, make 
the angles Sas, SSB, Scy, $48, Sex equal to the reſpective elongations in lon- 
gitude, and fix the five perpendiculars, ſo that the edge of each may coincide 
with a, 8, y, d, . From the points a, 6, c, d, e, extend threads to the reſpec- 


tive perpendiculars, making angles * with the plane equal to the geocen- 


. tric latitudes of the comet; then fix the focus of the parabola in 5, and apply 
it's edge to the threads, and if it can be made to touch them all, it will be the 
parabola required, correſponding to the mean diftance Sa of the earth, which 


we here ſuppoſe to revolve in a circle, as it will be ſufficiently accurate for our 


purpoſe. If the parabola cannot be made to touch all the threads, change the 
points à, 5, c, d, e, to ſuch of the other circles as you may judge, from your 
preſent trial, will be moſt likely to ſucceed, and try again; and by a few repe- 


titions you will get ſuch a diſtance for the earth, that the parabola ſhall touch 


all the threads, in which poſition, find the inclination, obſerve the place 
of the node, and meaſure the perihelion diſtance, compared with the earth's 
diſtance, - and you will get very nearly the elements of the orbit. 


655. The next method of approximating to the orbit of a-comet, which we 


. ſhall explain, is that given by Boscovicy. Let S be the ſun, XZ the orbit of 
the earth, ſuppoſed to be a circle; 7 the place of the earth at the firſt obſerva- 


tion 


The eaſieſt and moſt correct method to ſet off theſe angles, is, for inſtance, to meaſure a a, 
and then compute the perpendicular from the angle; and the ſame for the reſt 
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tion, and # at the third; draw TC; te to repreſent the obſerved walks 4 of - 
the comet; and let L, I, > be the longitudes at the firſt, ſecond and third ob- 
rens; m and n the geocentric latitudes of the comet at the firſt and third 


obſervations; and z, 7, the intervals of time between the firſt and fecond, 


ſecond and third obſervations. Aſſume C for the place of the comet, at the 
firſt obſervation, reduced to the ecliptic ; then to determine the point at the 


third obſervation, ſay, T x fin. X: I x fin. /— J—L ::TC : tc, and c will be 
nearly * the place required; join Cr, and it will repreſent the path of the comet 
on the ecliptic, upon this aſſumption. ink, r gr to the VR draw 
CK, ck, taking CK: TC :: tan. : radius, and c: tc :: tan. # : radius; 


join Kk, and it will repreſent the orbit of the comet, 1 the firſt affumnption be 
true. Biſect Ce in x, and draw xy parallel to CK, and y will biſect KF; join ys. 


Let SX=1; then if v be the mean velocity of the earth in it's orbit, the 
velocity of- the comet at y= I z ine therefore v = Tt, compute 
+ 390 | 
e, 4 e be equal: to) Ei, meaſured by de file; che. ee 


Sy 
point C was the true point. But if theſe quantities be not equal, aſſume a 


new point for C, in doing which, the error of the firſt aſſumption will direct 


you which way, from the firſt aſſumed point, it muſt be taken, and about how 
far from it; if, for inſtance, the computed value of Kk be greater than the 
true value, and the lines CK, c are diverging from each other, and receding 


from the ſun, the point C muſt be taken further from 7, and how much fur- 


Fis. 


ther we muſt conjecture from the value of the error, and allo from hence, that 


the velocity of the comet diminiſhes as it recedes from the ſun. Theſe conſi- 


derations will lead us to make a ſecond aſſumption near to the truth. Having 


thus determined the true points C, c, very nearly, produce cC, kK to meet at 
N, join NS, and it will be the line of the nodes. Draw Cr, cz perpen- 
dicular to SN, and the angles KrC, kzc will meaſure the inclination of the 
orbit. From the two diftances SC, Sc, and the angle between, the parabola 
may be (650) conſtructed, and applied as in the laſt method, from which the 


time of paſſing the perihelion may be found. 's 


656. Another method by which we may readily get the orbit very on 15 
this. Let S be the ſun, 7, 7, » three places of the earth at the times of the 


+ three obſervations; extend three threads 7 p, tn, xm in the directions of the 


comet, as directed in Article 654. Aſſume a point y for the place of the 
comet at the ſecond obſervation, and meaſure Sy; then if ST = 1, and the 


_oority 


* For the proof of 1 this, = the Author's paper upon the fubjea in his Opuſcula, Vol. iii. or 


Su H. ExcrzriIzro's very valuable Work 88 Comets, page 27. 
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velocity of the earth be v, the e of the comet at y will be Vi vi tv 
be repreſented by 77, 17; 1. upon any ſtraight ob P9, ſet off ce= V2 5 x Ti 4 
Sy 


t 
and ed= 2 — =; ; then apply he point e to 7. and, by. turning about the 


edge, try whether you can make the point c fall in Tp, and the point 4 in rm; 
if you find this can not be done, the error will direct you to aſſume another 
diſtance ; and by a very few trials you will find the point y where the points c 
and d will fall in Tp, rm. This method is very eaſy in practice, and ſuffici- 
ently accurate to obtain a diſtance Sy from which you may begin to compute, 
in order to find the orbit more correctly, when the comet is not too near to 
the ſun, as I have found by experience. 
657. Having determined the parabola nearly, we firſt aſſume ſome one 
quantity as known at the firſt and ſecond obſervations, and thence compute the 
place of the comet at thoſe times, and alfo the time between ; and if that time 
agree with the obſerved interval, you have got a parabola which agrees with 
the two firſt obſervations; if the times do not agree, alter one of the aſſumed 
quantities, and ſee how it then agrees ; and then, by the rule of falſe, you may 
correct the ſuppoſition which was altered, and get a parabola which will agree 


with the two firſt obſervations. In like manner, by altering the other afſumed 


quantity, you get another parabola agreeing with the two firſt obſervations, 
Then ſee how they agree with the third obſervation, and if they do not, a 
correction muſt be made by proportion, and the three obſervations will be 
anſwered. But this will be beſt explained by an example; we ſhall therefore 
take that which is given by M. de la CATILLE in his Aſtronomy, and explain 
the method of computation, and the reaſons of the whole operation. 

658. In the year 1739, M. ZanortTr, at Bologna, made the following 
obſervations on a comet, where the mean time 1s reduced to the meridian of 
- Paris. Both the comet and it's tail were moſt vivid about the middle of June, 
and therefore it muſt have been in it's perihelion about that time. 
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659. From theſe obſervations, let the orbit of the comet be determined and 
projected upon the ecliptic, as nearly as poſſible, by one of the methods already 
explained, and let XZ be the projection, and & the fun; then the projection 
ſhows the comet to be retrograde. The method uſed by M. de la CAILLE, 


zs that which was firſt propoſed by Sir I. NEwrToN in his Algebra, by cutting 


four right lines by another right line, ſo that the parts intercepted may be 
equal; but this problem is unlimited. In conſequence of his uſing this me- 
thod, he was obliged to interpolate and get the latitude and longitude at four 
equidiſtant times, one of which was Auguſt 6, at midnight, at which time 
the comet's one longitude was found to be 2“. 125. 17, the ſun's longi- 
tude 4*. 13% 55, it's diſtance from the earth 10136, and the comet's weſtern 


elongation from the ſun was 61%. 38'. This time is one which he aſſumes; but 


by our methods, one of the times of the obſervations might have been uſed inſtead. 

660. The comet paſſing from north to ſouth latitude, or through the de- 
ſcending node, between July 27, and Auguſt 2, interpolate the obſervations 
on July 25, 27, and Auguſt 2, to find the time and place when the comet 
had no latitude; this is found to be on July 29, at 8. 48 mean time, in. 
14. 54 u; at which time, the ſun's place was 4*. 6*. 7.10", which gives the 
comet's elongation weſt 51%. 13'. 10”; and it's diſtance "Sk the. earth. was 
10148, 5. 

661. On May 28, at 84. 48' mean time, the ſun's place was in 2%. 6˙. 56. 10” 5 
and therefore the comet's elongation was to the eaſt of the ſun 39%. 9, 50”, 
and the ſun's diſtance from the earth was 10142. The interval of time between 
this and when the comet was in it's node is 62 days. 

662. Now to find a parabola which anſwers to theſe two times on May 28, 
and July 29, let à be the place of the earth on Auguſt 6, at midnight, make 
the angles 4 SL, aSK equal to the motion of the earth from May 28, at 84. 48“, 
and July 29, at 8. 48, to Aug. 6, at midnight, and take SI. = 10148, f, and 
SK = 10142, then will L and K be the reſpective places of the earth at the two 
former times; and make the angles S LN, SKM equal to 519. 13“. 10”, and 
30*. 9'. zo", the reſpective weſtern and. eaſtern clongations of the comet, and 
N and 
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N and M will be the correſpchcng places of the comet on the ecliptic, and 4a 
the node. Meaſure, upon the ſcale, the lines SM and SN, and ſuppoſe them 


to be found 5500 and 10700. 
663. Firſt Suppoſition. Let SM = 5 500, SN = 10700. Now in the trigngle 


SKM, we have SK=10142, SM= 5500, and the angle SKM = 309. g'. 50”; 


hence the angle KSM = 819. 54. 8”; which ſubtracted from the longitude of 
K d'. 6. 56“. 10”, leaves 5*. 15%. 2'. 2” for the heliocentric longitude of the 


comet. 

664. By Art. 278. fin. ang. SX M= 30. 9. 50” : fin. ang. KSM 61 54'.8” 
2: tang. geoc. lat. 27%. 9“: tang. hel. lat. 45%. 17”. 49/1. And (plain Trig.) 
col. hel. lat. = 45*. 17. 49” : rad. :: curt. diſt. SM = 5500 : 7818, 84 the 
true diſtance of the comet from the ſun in the plane of it's orbit. 

665. For the poſition on July 29, in the ant SEN, we have SI. 
10148,5, SN=10700, and the angle SEN = 51*. 13“. 10"; hence the angle 
LSN =819. &. %%; which added to the longitude of L = 10*. 6. J. 10”, gives 
o.. 27%, 13%. 17 E for the heliocentric longitude of the comet. Now as the 
comet 1s in it's node at N, LN 1s the true e of the comet from the ſun, 
and it's latitude is nothing. 

666. As the difference of the heliocentric longitudes of the comet is 37% 
48'. 447, take an are MN equal to that quantity, and make a ſpherical trian- 
gle, right angled at M, whoſe perpendicular Mm 4 5*. 1. 49“, the comet's 
heliocentric latitude on May 28; and Nm will meaſure the angle deſcribed by 
the comet about the ſun in the interval of theſe, two times; now rad. : col. 
MN =137*. 48. 44'4 :: coſ. Mm=45*. 17.495 : cof. Nm=121*. 24'. 48”.* 

667. Hence if HA be the true parabola which the comet deſcribes about 
the ſun S, we haye found SN = 10700, Sm=7818,84, and the angle mSN, 
=121*. 24. 48”, to determine the angles ASm, ASN, and the perihelion 
diſtance AS. 

668. By Art. 648. take half the difference of the logarithms of SN and Sm, 
which is 0,068121, add 10 to the index, and it becomes 10,068121, which 


is the log. tangent of 49%. 28“. 31”, from which ſubtract 45*, and there re- 
mains 4*. 28“. 31”; hence (649), rad. : tang. 4*. 28. 31” :: cot. 4 NSA+mSA 
= 30. 21“. 12” : tan. 7. 36. 451 which is 4 of NSA - mSA; hence, knowing 

the 


If the comet had not been in it's node N at one of the times, but at , and M be per- 
pendicular to NM, the heliocentric latitude Mn muſt have been calculated, and then from 
knowing two heliocentric latitudes Mm, M'm', and difference MM' of longitudes, we can (281, 
or 282) find the place of the node N, and the inclination of the orbit; and then calculating Nm, 
Nm', we get um the angle which the comet has deſcribed about the ſun; and from the curtate 
diftance at M', and the heliocentric latitude, we can f11d the diſtance of the comet from the ſun, 


as at the other time. - 
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the ſum and difference of ASN, ASim, we & find A 75˙. 55. 55”, and 84 


A. 280% 53”, the true anomalies, 


669. To find SA, we have (646), rad. : col. T A&m =229®. 44. 26% :: | 
7818,84: AS=6650,5, the mean diſtance of the earth from the ſun being 
10000; but if we call that diſtance unity, then 48S o, 665086. 

670. Now (Table III.) the number of days correſponding to the anomalies 
45˙. 28“. 53” and 75% 55 55”, are 36,4781. and 77, 1725, whoſe ſum is 
113, 6 506; hence (645) if to 2 log. of 0,66505 we add the log. of 113, 6506, 
we have the log. of 61,638 days for the time from m to N, which ſhould have 
been 62 days. Hence we muſt make a new ſuppoſition. 

671. Second Suppoſition. Let SM= 5600, and SN = 10700 as before. Then, 
proceeding as before, the heliocentric longitudes will be found to be g'. 125. 38 
and o. 57. 13“. 17“; the latitude on * 28, = 45*. 26. 324; the log. of 
Sm = 3,902083 ; the angle mSA4=45*. 32“. 40%, NSA = 74*. 26. 1+, the 
days (Table III. ) correſponding to which are 36,541 and 94,448; the 
logarithm of SA is 9583159 1, calling the mean diſtance of the earth unity; 


hence we have the time from m to N = 62,039 days. 


672. Hence by increaſing SM 100 parts, the time has been increaſed 0,401 
days; therefore, by the rule of falſe, 0,401 : 100 :: 0,362 of a day (the number 
wanting in the firſt ſuppoſition) : 90, 5; increaſe therefore SA in the firſt ſup- 


poſition by 90, 5, inſtead of 100. 


673. Third Suppojition. Let S M= 5590, 5, N = 10700. Then, by a like 
proceeding, the heliocentric longitudes will be found to be 5*. 125. 50“. 53” and 
C'. 27%. 13. 177; the latitude on May 28, = 445% 25. 54 the log. of Sm 
= 3,901264 ; the angle mSA=45* 32'. 8“, NSA=74*. 34. 16”, the days 
(Table HI.) correſponding to which are 36,531 and 74,693; the log. of 84 
is 9, 830802; hence we have the time from mm to N =62,001 days, which 
anſwers very accurately to the obſerved time. A parabola therefore being 
found which agrees with two obſervations, we muſt ſee how it will agree with 


| ſome third obſervation, for inſtance, that on Auguſt 17. To do this, we muſt 


firſt find all the other elements of the parabola. 
674. Now the deſcending node N is in of. 24*. 19. 17”; ; add to this the 
angle NSA =. 34. 16”, and it gives 3*. 21*. 47'. 33”, for the longitude of 


the perihelion on it's orbit. The time in the Table correſponding to the angle 


NSA is 74,693 ; hence (645) to + log, of SA add the log. of 74, 693, and it 
gives the log. of 41,6374 days, the time of deſcribing the angle 4 SN; ſubtract 
this from July 29, 84. 48“, the time when the comet was in it's node, and it 
gives June 17, 174. 30' the time when the comet was in it's perihelion. Alſo 


as NM = 120%. 6. 24, and Mm=45*.25. 54”, the angle MNm= 65%. 26.16“, 


the inclination of the orbit. 
$ 


672. From 
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675. From theſe elements, calculate (651) the geocentric longitade of the 
comet at ſome other time at which it was obſerved, for inſtance, on Augoſt 17. 


at 14h. 207, and it will be found to be in n 6. 55. 37”, differing 5. 23” from 


obſervation; the parabola therefore does not ſatisfy this third obſervation We 
muſt therefore make another ſuppoſition. 

676. Fourth Suppoſition. Let M= 5500 and SN = 10800, Then, proceed- 
ing as before, the heliocentric longitudes are 5*. 155. 2. 2” and of. 29%. 47. 4 
for May 28 and July 29, the latitude on May 28, = 47*. 17'. 49”$; the loga- 
rithm of Sm=3,893142 ; the angle mSA=44*. 49“. 57 NSA=769. 160. 5"; 
the correſponding days (Table III.) are 35,8365 and 77, 8022; and the 
logarithm of SA =, 824898; hence the time from m to N = 62,068 days. 

677. Hence this ſuppoſition, compared with the firſt, ſhows, that by increaſ- 
ing SN by 100, the time has been increaſed 0,43 days; hence o, 43: 100 :: 
o, 362 (the defect of the time from the firſt ſuppoſition) : 84 the quantity by 
which SN ſhould have been increaſed in the firſt ſuppoſition, to have made the 
time 62 days. Hence 

678. Fifth Suppoſition. Let SM= 5 500 and SN = 10004 Then, as before, 
the relpective heliocentric longitudes will be found to be 5. 15% J. 2“ and 

od. 2. 42. 25”; the Jatitude = 45% . 49“; the logarithm of Sm = 
3,8893142; the angle mSA4=44*. 55. 54”, NSA =. 12. 43"; the correſ- 
ponding days (Table III.) are 35,934 and - 76,697; the logarithm of S4 
=9,824588; hence the time from m to N =61 999 days, anfwering extremely 


nearly. 
679. Hence, determine (671) the other elements of the orbit, and we ſhall 


nud ihe deſcending node in of. 277. 42“. 25”; the perihelion in 3˙. 13*. 55". 8“; 


the time of the range through the perihelion June 16, at 234. 23“; and the 


inclination 56˙. 8“. 44”. 
680. With theſe elements, Alen (651) the geocentric longitude of the 


comet on Auguſt 17, at 144. 20', and it will be found i in n 77. 8. 42”, winch 


exceeds that by obſervation by 7”. 42“. 

681. Now as the corrections made to the diſtances SM, SN are very nearly 
in proportion to the differences between the calculations and the obſervations, 
we have, as 5. 23” ＋ J. 42” (the ſum of the errors, or differences between the 
mn and obſervations) : 5. 23” (the error from the third ſuppoſition) 


: 90,5 and 84 (the corrections made to SM, SN): 36,75 and 34 the correc- 
tions neceffary to be made to fatisfy all the conditions. If the two errors had 
been of the ſame kind, the firſt term muſt have been their difference. 

682. To apply theſe corrections, it is manifeſt, from comparing the com- 
putations with the obſervations, that SM is too much in the third ſuppoſition, 
and too little in the fifth; therefore ſubtract 36,75 from 5590,5, and it gives 

5553915 
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5653,75 for M; and, that the time may remain the ſame, add 34 to SN in 
the third ſuppoſition, and it gives SN = 10734. With theſe values make a 

683. Sixth Suppoſition. Let SM = 5553,75, SN=10734. Compute as 
before, and the heliocentric longitudes will be found to be 5˙. 13% 42. 15”, 
and of. 2. 25. 14”; the latitude 45. 23'. g” on May 28; the logarithm 
of Sm=3,89804;; the angle mSA=45*. 16. 54", NSA =S. 13“. 26”, the 
days (Table III.) correſponding to which are 36,8 and 7 5,872; the logarithm 
of SA = 9, 828388, and the time from m to N is 62 days. Hence, from theſe 
correct elements, as before explained, the place of the deſcending node is found 
to be in o'. 27. 54. 14”; the place of the perihelion in 3. 12%. 38“. 40“; the 
paſſage through the perihelion June 17, at 10h. 9. 30“ mean time; the incli- 
nation of the orbit = 5 5. 42/. 44”; and the true place of the comet (651) on 
Auguſt 17, at-14h. 20“ is in 7%. o“. 5740, with 14% 5F. 4” ſouth N 
agreeing, very nearly, with the obſervations. 

684. When we compute to ſee how the aſſumptions agree with the obſer- 

_ vations on Auguſt 17, we might have compared the tatitudes inſtead of the 
longitudes ; and it will be beſt to do ſo, when the latitudes vary faſter than 
the longitudes, which will happen when the inclination of the orbit is very 
conſiderable, and the comet near the node. 

685. If it fo happen that the node does not lie ſo near the obſervations that 
it's place can be found by interpolation, after finding the o1bit, compute two 
heliocentric latitudes and longitudes near to the node, and then (281, or 282) 
the place of the node, and the inclination of the orbit may be found at the 
ſame time. In this caſe, one of the firſt aſſumed times does not give the pro- 
jected point N that of the node; but this makes no difference in the operation, 
except that we muſt then compute the heliocentric latitude (as at the other 
time), in order to get the diſtance of the comet from the ſun, and che angle 
deſcribed about the ſun, as explained 1 in the jirff ſuppoſition 

686. As the comets do not move in parabolas, but in very excentric elli pſes, 

it is impoſſible to find a parabola agreeing accurately to all the data; it will be 
| ſufficient therefore when it agrees very nearly. If after aſſuming $M, SN, you 
find the reſult to differ very conſiderably from obſervation, the proportion will 
not give you their values ſufficiently near; in that caſe, you muſt compute again 
the error, and repeat the. operation till the reſult from the computation does 
agree with the obſervations. 

687. In Art. 266. it 1s proved, that if you increaſe any one quantity in the 
data from which a calculation i is to be made, by a very ſmall quantity, the reſult 
will vary in proportion to that increaſe. Hence, the reaſon of the whole ope- 

ration will be manifeſt from this Table. | | 


SM = 


ON THE MOTION or COMETS. 


| * Sup. 24 Sup. 3 Sup. " Sup. 50 Sup. | 3⸗ Sup. $9 Sup. ( 6* Sup. 
| Ach it ide Jitbat- 4 babe 
F B NN &+6 B+Þ8 | 
FF 9 1 
Error in the interval of Time. Error in Long. or Lat. 


688. The ſuppoſitions 4 and B produce an error m; allo A+a and B pro- 
duce an error #; hence, from what we have juſt now explained, as the difference 
of the reſults = # (according as the errors are of different or the ſame affec- 
tions) muſt vary as à varies, m : m:: @ : a the quantity by which we muſt 
alter A, in order to deſtroy the error , or to make the error o. In like 
manner, the ſuppoſitions A and B produce an error r; therefore m = r : M:: 
' b : fl the quantity by which B muſt be altered in order to deſtroy the error . 
Hence we have got two ſuppoſitions, or two parabolas, which will anſwer the 
firſt condition, that is, of the time. Now for the ſecond condition, the third 
and fifth ſuppoſitions will produce an error of x and y reſpectively; one of theſe 
ſuppoſitions therefore muſt be corrected, ſo that no error may remain in either 
condition; let therefore A +a +&' and B +8” be the values of SM and SN 
to ſatisfy both. Now A altered by « produces an effect m, for it corrects 


the whole error; hence « : a“ :: mc: — the error that would be made by 
altering 4 by a; and as B altered by g AC an effect m, we have 8 : 
1 6 the effect that would ariſe by altering B by PB”; hence, that no 


error may be produced in the time in the third ſuppoſition, by adding a to A 


7 


a, and g to B, theſe two effects thus produced muſt deſtroy each other, or —— 
| | I" 


/ 4 - 8 . - 
mB 3 4 Hence, that no error may be made in the time in 


the third ſuppoſition, by altering the values SM and SN, the increments or 


decrements mult be in the ratio of @ : B; this was done in Art. 681. and 
therefore the firſt condition will remain fulfilled. Now the changing of 4 + a 


to 4, and of B to Bg, together produce an effect x = y, according as they 
are of different, or the ſame affections ; hence, to produce the effect x, or to 


deſtroy that error, as the effect 1 is in proportion to the variations of 4 and B, 
K K. K . | 48 =y 
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x=9:x::4andf : 4 and 8, the corrections to be applied to A +a and B 
to tulfil, the ſecond condition, or make the error o; and this alſo took place 
in Art. 681. Hence, by aſſuming SM = ATT, and SV BHG“, both 
errors are deſtroyed. + Although a, 5, a, g, d, 8“, are annexed to A and 
B by the ſign +, yet it muſt be underſtood that the fign muſt be + or — 
according to circumſtances. 

689. When great accuracy is required, we muſt take into conſideration, the 
effect of aberration and parallax ; the former may be computed by Art. 532. 
and the latter, by taking the horizontal parallax : that of the fun =8"”,7 5 :: 
the diſtance of the ſun : the diſtance of the comet, and then finding the pa- 
rallax in latitude and longitude, as for the planets. 


Ex. On Augult 21, 1769, the diurnal motion of a comet was 63“ in longi- 
tude, and 25 in latitude, and it's diſtance from the earth o, 667. Hence (532) 
the aberration in longitude = 14“, and in lckudle =6”, both to be added. 
Now the apparent longitude was 47. 1'.-31”, and m— *. 53'. 48“; hence 
the apparent longitude corrected for aberration was 47. 1“. 45”, and latitude 
5*. 53. 54. Alſo o, 667: 1 :: 8,95 : 13“ the 3 oarallex. Hence, 
the parallax in longitude 1s found to be 4”, to be added to the true, to give the 
apparent longitude, and as the true longitude (by computation)-was 47%. 2“. 3”, 
the apparent ought to have been 47. 2. 7“; hence the error in longitude was 
22”, Alſo the parallax in latitude was 10”, to be added to the true, to give 
the apparent latitude, and as the true latitude (by computation) was 55416“ 
the W en ought to have been, - 5*. 54. 26”; hence the error in latitude 


was 32”. | 7 


690. It is extremely difficult to determine, from computation, the elliptic 
orbit of a comet, to any degree of accuracy; for when the orbit is very excentric, 
a very ſmall error in the obſervation will change the computed orbit into a 
| parabola, or hyperbola. Now, from the thickneſs and inequality of the atmo- 
| ſphere with which the comet is ſurrounded, it is impoſſible to determine, with 
any great preciſion, when either the limb or center of the comet paſs the wire at 
the time of obſervation. And this uncertainty in the obſervations will ſubject 
the computed orbit to a great error. Hence it happened, that M. BouvouER 

determined the orbit of the comet in 1729 to be an hyperbola. M. EuLEXR 
firſt determined the ſame for the comet in 1744 ; but having received more 
accurate obſervations, he found it to be an ellipſe. The period of the comet 
in 1680 appears, from obſervation, to be 575 years, which M. EvLes, by 
his computation, determined to be 1664 years. The only ſafe way to get the 


| period of comets, is to compare the elements of all thole which have been com- 
puted, 
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puted, and where you find they agree very well, you may conclude that they 
are elements of the ſame comet, it being ſo extremely improbable that the 
orbits of two different comets ſhould have the fame inclination, the ſame 
' perihelion diſtance, and the places of the perihelion and node the fame. Thus, 
knowing the periodic time, we get the major axis of the ellipſe ; and the 
perihelion diſtance being known, the minor axis will be known. When the 
elements of the orbits agree, the comets may be the ſame, although the periodic 
times ſhould vary a little; as that may ariſe from the attraction of the bodies 
in our ſyſtem, and which may allo alter all the other elements a little. We 
have already obſerved, that the comet which appeared in 1759, had it's peri- 
odic time increaſed conſiderably by the attraction of Jupiter and Saturn. This 
comet was ſeen in 1682, 1607 and 1531, all the elements agreeing, except a 
little variation of the periodic time. Dr. HaLLtey ſuſpected the comet in 
1680, to have been the ſame which, appeared in 1106, 531, and 44 years 
before CHRIST. He alſo conjectured, that the comet obſerved by Ap1an in 
I 532, was the ſame as that obſerved by HEvELIus in 1661; if fo, it ought 
to have returned in 1790, but it has never been obſerved. But M. MERCHAIN 
having collected all the obſervatjons in 1532, and calculated the orbit again, 
found it to be ſenſibly different from that determined by Dr. HALLE, which 


renders it very doubtful whether this was the comet which appeared in 1661; 


and this doubt is increaſed, by it's not appearing in 1790. The comet in 1770, 
whole periodic time M. LExELL computed to be 5 years and 7 months, 


has not been obſerved ſince. There can be no doubt but that the path of this 


comet, for the time it was obſerved, belonged to an orbit whoſe periodic time 


was that found by M. LEXEII, as the computations for ſuch an orbit agreed 


ſo very well with the obſervations. But the revolution was probably longer 
before 1770; for as the comet paſſed very near to Jupiter in 1767, it's periodic 
time might be ſenſibly increaſed by the action of that planet; and as it 
has not been obſerved ſince, we may conjecture, with M. LExELL, that having 
paſſed in 1772 again into the ſphere of ſenſible attraction of Jupiter, a new 
diſturbing force might probably take place and deſtroy the effect of the other. 
According to the above elements, the comet would be in conjunction with 
Jupiter on Auguſt 23, 1779, and it's diſtance from Jupiter would be only x57 
of it's diſtance from the ſun, conſequently the ſun's action would be only 


zar times that of Jupiter. What a change muſt this make in the orbit! 
If the comet returned to. it's perihelion in March 1776, it would then not be 


viſible. See M. LEXELI's account in the Phil, Trax}. 1779. The elements 
of the orbits of the comets in 1264 and. 1556 were ſo nearly the fame, that it 


is very probable it was the ſame comet; if ſo, it ought to appear again about 


the year 1848, 


k K k 2 | On 
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On the Nature and Tails of Comets. 


'691. Comets are not viſible till they come into the planetary regions. 
They are ſurrounded with a very denſe atmoſphere, and from the fide oppoſite 
to the ſun they ſend forth a tail, which increaſes as the comet approaches 1t's 
perihelion, immediately after which it is longeſt and moſt luminous, and then 
it is generally a little bent and convex towards thoſe parts to which the comet 
is moving ; the tail then decreaſes, and at laſt it vaniſhes. Sometimes the tail 
is obſerved to put on this figure towards it's extremity , as that did in 1769. 
The ſmalleſt ſtars are ſeen through the tail, notwithſtanding it's immenſe 
thickneſs, which proves that it's matter muſt be extremely rare. The opinion 
of the ancient philoſophers, and of Axis TorLE himſelf, was, that the tail is 
a very thin fiery vapour arifing from the comet. Arian, CarDan, Trcno, 
and others, believed that the ſun's. rays being propagated through the tranſpa- 
rent head of the comet, were refracted, as in a lens. But the figure of the 
tail does not anſwer to this; and, moreover, there ſhould be ſome reflecting ſub- 
ſtance to render the rays viſible, in Iike manner as there muſt be duſt or ſmoke 
flying about in a dark room, in order that a ray of light entering it may be 
ſeen by a ſpeQator ſtanding ſide-ways from it. KeyLEer ſuppoſed, that the 
rays of the ſun carry away ſome of the groſs parts of the comet which reflects 
the ſun's rays, and gives the appearance of a tail. HeveL1vs thought, that 
the thinneſt parts of the atmoſphere of a comet are rarefied by the force of the 
heat, and driven from the fore part and each fide of the comet towards the 
parts turned from the ſun. Sir I, NEwTon thinks, that the tail of a comet 


is a very thin vapour, which the head, or nucleus of the comet, ſends out by 


reaſon of it's heat. He ſuppoſes, that when a comet is deſcending to it's 
perihelion, the vapours behind the comet in reſpect to the ſun, being rarefied 
by the ſun's heat, aſcend, and take up with them the reflecting particles with 
which the tail is compoſed, as air rarefied by heat carries up the particles of 

| ſmoke in a chimney. . But as beyond the atmoſphere of the comet, the 
#therial air ſauram etheream) is extremely rare, he attributes ſomething to the 
the ſun's rays carrying with them the particles of the atmoſphere of the comet. 
And when the tail is thus formed, it, like the nucleus, gravitates towards 
the ſun, and by the projectile force it received from the comet, it deſcribes an 
ellipſe about the fun, and accompanies the comet. It conduces alſo to the 
aſcent of theſe vapours, that they revolve about the ſun, and therefore endeavour 
to recede from it; whilſt the atmoſphere of the ſun is either at reſt or moves 
| with 
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with ſuch a flow motion as it can acquire from the rotation of the ſun about 
it's axis, Theſe are the cauſes of the aſcent of the tails in the neighbourhood 
of the ſun, where the orbit has a greater curvature, and the comet moves in 
a denſer atmoſphere of the ſun. The tail of the comet therefore heing formed 
from the heat of the ſun, will increaſe till it comes to it's perihelion, and decreaſe 
afterwards. The atmoſphere of the comet is diminiſhed as the tail increaſes, 
and is leaſt immediately after the comet has paſſed it's perihelion, where 
it ſometimes appears covered with a thick black ſmoke. As the vapour receives 
two motions when it leaves the comet, it goes on with the compound motion, 
and therefore the tail will not be turned directly from the ſun, but decline from 
it towards thoſe parts which are left by the comet; and meeting with a ſmall 
reſiſtance from the æther, will be a little curved. When the ſpectator therefore 
is in the plane of the comet's orbit, the curvature will not appear. The vapour 
thus rarefied and dilated, may be at laſt ſcattered through the heavens, and be 
gathered up by the planets, to ſupply the place of thoſe fluids which are ſpent in 
vegetation and converted into earth. This is the ſubſtance of Sir I. NRWTOx's 
account of the tails of comets. Againſt this opinion, Dr. HamirTon, in his 
Philoſophical Eſſays, obſerves, that we have no proof of the cxiſtence of a ſolar 
atmoſphere 3 and if we had, that' when the comet 1s moving in it's perihelion 
in a direction at right angles to the direction of it's tail, the vapours which 
then ariſe, partaking of the great velocity of the comet, and being alſo ſpeci- 
fically lighter than the medium in which they move, muſt fuffer a much greater 
reſiſtance than the denſe body of the comet does, and therefore ought to be left 
behind, 'and would not appear oppoſite to the ſun; and afterwards they ought 
to appear towards the ſun. Alſo, if the ſplendor of the tails be owing to the 
reflection and refraction of the ſun's rays, it ought to diminiſh the luſtre of 
the ſtars ſeen through it, which would have their light reflected and refracted 
in like manner, and conſequently their brightneſs would be diminiſhed, 
Dr. HALLEy, in his deſcription of the Aurora Borealis in 1716, fays, © the 
ſtreams of light ſo much reſembled: the long tails of comets, that at firſt fight 
they might well be taken for ſuch.” And'afterwards, ** this light ſeems to have 
a great affinity to that which the effluvia of electric bodies emit in the dark.“ 
Phil. Tranſ. No. 347. D. de MArRAN alſo calls the tail of a comet, the 
aurora borealis of the comet. This opinion Dr. HamiLTox ſupports by the 
following arguments. A ſpectator, at a diſtance from the earth, would ſee the 
aurora borealis in the form of a tail oppoſite to the ſun, as the tail of a comer 
lies. The aurora borealis has no effect upon the ſtars ſeen through it, nor has 
the tail of a comet. The atmoſphere is. known to abound with electric matter, 
and the appearance of the electric matter in vacuo is exactly like the appearance 


of the aurora borealis, which, from it's great altitude, may be conſidered to 
be 
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be in as perfect a vacuum as we can make. The electric matter in vacuo 


ſuffers the rays of light to paſs through, without being affected by them. The 
tail of a comet does not expand itſelf fideways, nor does the electric matter. 
Hence, he ſuppoſes the tails of comets, the aurora borealis, and the electric 
fluid, to be matter of the ſame kind. We may add, as a further confirmation 
of this opinion, that the comet in 1607 appeared to ſhoot out the end 
of it's tail. Le P. Cs Ar remarked the undulations of the tail of the comet 
in 1618. HEVELIVs obſerved the fame in the tails of the comets in 1652 
and 1661. M. PincrE” took notice of the ſame appearance in the comet 
of 1769. Theſe are circumſtances exactly ſimilar to the aurora borealis. 
Dr. Hamitron conjectures, that the uſe of the comets may be to bring the 
electric matter, which continually eſcapes from the planets, back into the pla- 
netary regions. The arguments are certainly ſtrongly in favour of this hypo- 
theſis; and if this be true, we may further add, that the tails are hollow; for 
if the electric fluid only proceed in it's firſt direction, and do not diverge ſide- 
ways, the parts directly behind the comet will not be filled with it; and this 
thinneſs of the tails Wy account __ the appearance of the ſtars through 
them. | 
692. The length of a etnier's tail may be thus found. Let & be the ſun, 
E the earth, C the comet, CL the tail when directed from the ſun; then 
knowing the place of the comet, we know the angle ZCL, EC, and the 


angle CEL, the angle under which the tail appears; hence we find CL the 


length of the tail. If the tail deviate by any angle LCM, found from obſer- 
vation, then we ſhall know the angle ECM, with CE, and the angle CEM, to 
find CM. The tail of the comet in 1680 appeared under an angle of 70, 
according to Sir I. NEwToxn, and very brilliant; that of 1618, under an angle 
of 104®, according to Lox6OMONTANUS; that of 1759, under an angle of go*; 
according to M. PIN GRE, but the light was very faint. 

69 3. The limit of a comet's diſtance may be very eaſily aſcertained from it's 
tail, it being ſuppoſed to be directed from the ſun. For let & be the ſun, E 
the earth, ET the line in which the head of the comet appears, E the line 


in which the extremity of the tail is abſerved, and draw ST parallel to E N; 


then the comet 1s within the diſtance ET; for if the comet were at T, the tail 


would be directed in a line parallel to EV, and therefore it never could appear 


in that line. Now we know 7E by obſervation, and conſequently it's equal 
ET'S, together with TES the angular diſtance of the comet from the fun, 


and ES, to find ST the limit. For example, on December 21, 1680, the 
diſtance of the comet from the ſun was 32. 24, and length of the tail 705%; 
hence, ST : SE :: fin. 32% 24: fin. 70* :: 4 : 7 nearly, therefore the comet's 


diſtance from the fun was leſs than $ of the carth's. diſtance from the ſun, 
Hence 
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Hence Sir I. NEwTox deduced this concluſion, that all comets, whilſt they 
are viſible, are not further diſtant from the fun than three times the earth's 


diſtance from the fun. - This however muſt depend upon the goodneſs of the 


teleſcope, and magnitude of the comet. 
694. In reſpect to the nature of comets, Sir I. Hawes pr Rev that they 


muſt be ſolid bodies like the planets. _ For if they were nothing but vapours, 
they muſt be diſſipated when they come near the ſun. For the comet in 1680, 
when it was in it's perihelion, was leſs diſtant from the ſun than one ſixth of 
the ſun's diameter, conſequently the heat of the comet at that time was to the 
heat of the ſummer ſun as 28000 to 1. But the heat of boiling water is about 
three times greater than the heat which dry earth acquires from the ſummer 
ſun; and the heat of red hot iron about three or four times greater than the 
heat of boiling water. Therefore the heat of dry earth at the comet, when in 
it's perthelion, was about 2000 times greater than red hot iron. By ſuch 
heat, all vapours would be immediately diſſipated. ' 

695. This heat of the comet mult be retained a very long time. For a red 
hot globe of iron of an inch diameter, expoſed to the open air, ſcarce looſes 
all it's heat in an hour; but a greater globe would retain it's heat longer, 1 in 
proportion to it's diameter, becauſe the ſurface, at which it grows cold, varies 
in that proportion leſs than the quantity of hot matter. Therefore a globe 
of red hot iron, as big as our earth, would ſcarcely cool in 50000 years. 

696. The comet in 1680 coming fo near to the ſun, muſt have been con- 
ſiderably retarded by the ſun's atmoſphere, and therefore being attracted nearer 
at every revolution, it will at laſt fall into the ſun, and be a freſh ſupply 
of fewel for what the ſun loſes by it's conſtant emiſſion of light. In like 
manner, fixed ftars which have been gradually waſted, may be ſupplied with 
freſh fewel, and acquire new ſplendor, and paſs for new ſtars. Of this kind 
are thoſe fixed ſtars which appear on a ſudden, and ſhine with a wonderful 
brightneſs at firſt, and afterwards vaniſh by degrees. Such 1s the conjecture 
of Sir I. NEwrToON. 

697. From the beginning of our æra to this time, it is probable, according 
to the beſt accounts, that there have appeared about 500 comets. Before 


that time about 100 others are recorded to have been ſeen, but it is probable 


that not above half of them were comets. And when we conſider, that many 
others may not have been perceived, from being too near the ſun — from ap- 
pearing in moon-light — from being in the other hemiſphere — from being 
too ſmall to be perceived, or which may not have been recorded, we might 
imagine the whole number to be conſiderably greater; but it is likely, 
that of the comets which are recorded to have been ſeen, the ſame may 


have appeared ſeveral times, and therefore the number may be leſs than 1s here 
? - ſtated. 
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ſtated. The comet in 1986, which firſt appeared on Auguſt 1, was diſcovered 
by Mis Caroline HERSCHEL, a ſiſter of Dr. HERSCHEL; ſince that time, 
ſhe has diſcovered three others. As the plan of this Work does not permit 
us to give all the different methods by which the orbits of comets may be 
computed, and all the various opinions reſpecting them, if the reader wiſh to 
ſee any thing further upon the ſubject, I refer him to a Treatiſe entitled, 
Cometographie ou Traits Hiſtorique et Theorique des Cometes, par M. Pixnczz, 
II. Tom. quarto, Paris, 1984; or Sir H. EnGLEF1ELD's Determination of the 
Orbits of Comets, a very valuable work, in which the ingenious Author has 
explained, with great clearneſs and accuracy, the manner of computing 
the orbits of comets, according to the methods of Boscovick, and 
M. de la Pracs, 
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FOR CONVERTING TIME INTO DECIMALS OF A DAY. 


. , 4 — — — 


[HOURS. | DECIMALS. MINUTES. DECIMALS. ſumurzs. DECIMALS. 
I 0,04 166 | I 0,000694. | 31 o, 21527 
2 6508333 2 | 0,001388 || 32 0,022222 
3 ©0,12500 || 3 0,002083 33 o, 22916 
4 0, 16666 ſ½ 4 o, 02777 34 o, 23611 
5 [, 0833 5 | 03003472 35 | ©,024305 
6 ©0,2:5000 || 6 0,0041166 36 ©,02 5000 
7 | o,2zgz66 || 7 0,004861 37 0,02 5694 
8 | 533333 8 0005555 || 38 0,020388 | 
9 | 0,37500 || 9 o,, 39 | 04027083 

10 0, 41666 f 10 0,006944. 40 0,027777 
II 0,453833J | 11 0500 7638 |} 41 0,028472 
12 | 0,50000 | 12 o, 8333 42 | 03029166 
13 o, 54166 [13 0,009027 43 0,029861 
I4 0,8333 14 | 0,009922 44 | 0030555 
I5 0,62500 || 15 05010446 45 ©0,031250 
16 0,66666 || 16 ozo0III1t 46 05031944 
17 o, 70833 f 17 o, 11805 [ 47 050 32638 
18 | 0,75000 || 18 o f 48 05033333 
19 0,79166 || 19 0,0 13194 j 49 0,034027 
20 0,8333JJ | 20 0,013888: [ 50 O, 34722 
21 0,87500 Y 21 05014683 | 51 0,035416 
22 o, 91666 f 22 o, 1 5277 [ 32 03036111 
230, 958933 [ 23 o, 159 % [ 53 o, 036805 
24 1,00000 || 24 0,016666- 8 $54. 0,037500 
r o, 17361 || 55 0,038194 
65 26 0,018055, [ 56 o, 38888 
5 50 18750 || 57 o,o 39583 
28 [09444 58 0, 040277 
29 o, 20138 59 o, 40972 
30 o,o 20833 || 60 o, 041666 
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THE FIRST TABLE CONTINUED. 


| 


* 


SECONDS. 


SECONDS. DECIMALS. DECIMALS. 
1 0,00001157 31 0,0003 5880 
2 0,00002 315 32 0,00037037 
3 0,00003472 33 0,00038194 
4 | 0,00004630 34 0,00039352 
5 0,00005787 || 35 0,00040509 
6 0,00006944 36 0,00041666 
7 o, oo008 102 37 o, ooo42824 
. 0,000092 59 38 o, ooo43981 
9 o, oo0 10416 39 0,00045138 
10 o, 0011574 40 0,00046296 
II  0,00012731 41 o, 00047454 
12 o, ooo 13888 42 0,00048611 
13 o, ooo i 5046 43 o, ooo49769 
14 o, oo0 16204 44 o, ooo 50926 
1 5 o, 0017361 45 o, ooo 52083 
16 o, 0018518 [ 46 o, oo0 53241 
17 | 0,00019676 [ 47 0,00054.398 
18 0,00020833 48 0,00055555 
19 0,00021991 49 o, oo0 56713 
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4125 [157- 56. 449] 47½ || 4925 |159- 18. 55-4 12 
15 | 57 39. 32,1 4558 4950 159. 18. 6,5 8 
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| 6300 160. 57. 340 7200 161. 48. 56,9 | 8800 [163. 1. 36, ITT 
| 6325 60. 59. 7,60 33-6 7250 161. 51.33. 6] 2: 357 || 8850 [163. 5 35,2 fo 
6375 161. 2. 13,3 325 7350 [161: 56. 39, 325 89 50 163. 7. 29,6 30, 
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6400 ft. 3. 45, 7400 161. 59. 11,1] - gooo 163. 9. 25,4 
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6450 fl61. 6. 48,3 $5 7500 |162: 4. 9,8 25% 9100 [163. 13. 14,5 54•1 
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6550 [r6r. 12. 48,1 2855 7700 162. 13. 51,1 2354] 9300 163. 20. 42,7 50» 
6575 |161. 14. 16,9 5 "| 7759 162. 16. 13,2] mop | 9350 163. 22. 32, 999 
42 * — 1. 28,3 — : * : — e 6 8 8 wh obs 
6600 [I61. 15. 45,2 7800 [162. 18. 34,1 9400 163. 24. 21, | 
6625 fler. 17. 13,10 279 | 7850 |162. 20. 53,7] 3 9450 163. 26. 10,2 45,4 
; 6650 [|r67, — 40% 274 79 (162. 23. 12, 5 9300 [163. 27. 57,9] 275 
| 667; 161. 20. 7% 7% | 7950 [162. 25. 29,4 73350 163. 29. 44, ©” 
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PR 1. 24,8 | ——|————— 2 14,6 — —— — — 435,2 
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6950 61. 35. 35,7 2238500 162. 49. 25,6 553 |} 10100 163. 48. 32,0] 1 
6975 161. 36. 57, 29 8550 162. 51. 29,80 4 || 10150 163. 50. 10,4] 3 4 
— — 1. 21,4 — — — 12. 3,3 — — | 377 
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{ 7050 [6. 41. o, & 4188650 162. 55. 35,4 25 | 10250 [163. 53. 25,1 225 
1 7100 |161; 44. 41,1 78˙5 8700 62. 57. 36, 8 1410300 163. 55. 1,50 30,74 
7150 161. 46. 19,780 3927 || 8750 162. 59. 37,2) 94 10350 [163. 56. 3722] 3527 
— — — 2 N — 1 5974 —— ä 3552 
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13900 [165. 28. 47,8 17100 166. 28. 2,1 
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14900 165. 49. 8,6 56,0 18100 66. 43. 32,0 
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45250 |170. 15. 31,1 53500 [l7I. 3. 52,3 
45500 170. 16. 36, 59000 |[171. 5. 24,2 
45750 70. 17. 40, 5 59500 71. 6. 55 
3 N ; g = 3 "a E 1 : 


A — 


hn. 


— 


THE THIRD TABLE CONTINUED: 


| : 


1 


. 
4 1 
ASS 


5 Anomaly | Differ. | || Andmaly. Differ. || + Anomaly. | Differ. 
Days. — Days. Days. 
. ͤ ͤ r 8. MC HO IMTSS: 
60000 171 8. 24,8 6000 171. 48. 58, „92000 |172, 19. 27,5 
60500 171 9. 5396 Tn 76500 171, 50. RN +. + || 92500 |172. 20. i 
61000 171. 11. 21,44 275 || 77000 |t71. 51. 7, 5 | 93000 [172. 21. , 49% 
61500, [171. 12. 48,3] 299 || 77500 71. 52. 11,1% 36 || 93500 [172. 21. 56,9 494 
: _— 7, — EE TIE 950 3,1 j_— n 
62000 71. 14. 14, 2 78000 77. 53. 14,1 [ 94000 [172, 22. 46,0 8. 
6250 171. 15. 39.2 25? || 78500 [171. 54. 16,7] 75 || 94500 [172, 23. 34, 49“ 
63000 71. 17. 3.3] I#Þ* || 79000 |171. 55. 18,8] 2 || 95000 |172. 24. 23,2 Fs 
63500 [171. 18. 26,5] 3% || 79500 71. 5b. 20,3] 55500 [172. 25. 11,2] 5 
oy op reel . ws 47.7 
64000 171. 19. 48,8] _ p 80000 |171. 57: h 560 [172. 25. 58,9% 
64500 171. 21. 10, 3 N 80500 |171. 58. 21,7] - 288 | 96500 172. 26. 46, 3 474 
65000 fr. 22. 30,9] 191 || 81000 |171. 59. 2437] -.. 22 || 97000 [172. 27, 33,4 4658 
65500 IA. A. — 8150 172. 21.2 2235 97 500 172. 28. 20,2 . "I 
— — —. 22 — e 46,4 
66009 171. 25. 9,7 8. 82000 72. 1. 20, 2 8. 98000 72. 29. 6,6 6 
66 500 |171. 26. 27,9 828250 72. 2. 18,7 2 98500 72. 29. 52,7 4 C 
67000 171. 27. 43, 3 3 83000 72. 3. 16,7] 5 3 99000 172. 30. 38,5 455 
67500 71. 29. 1,9] » || 83500, |172. 4. 1443] 57”? || 99500 [172. 31. 240] #55 
3 2 y I. 15,9 - renne e 796 img ee 
000 171. 30. 17, TIN 4000 172. 5. 1144 IO0000 172. 32. 9,2 
68500 4 20 * 15 || 84500 165 T 8,1 50,7 101000: [172, 33. 38,7] ** 7955 
69000 |171. 32. 47,3] 44 85000 |172. 7. 4,3 ? * 102000 [172 35. 7,8 = 
69500 |171. 34. 1, 13,7 || 85500 |172. 8. o, 55%? [103000 172. 36. 34,1] 293 
— F ki mmmnmenmmr ſt. 266 
©0000 171. 14,0 | OO 172. 8. 55,4 . . . |[L04000 [I72. 38. 0,1 
—— 155 38 26,3 1 86500 * 9. _ 549 lxogooo 172. 39. 25,1]. * 
71000 |[71. 37. 37,9] 772? || 85000 (72. 10. 44,8 5495 106000 172. 40. 48,9 27 
71500 71 38. 48,80 1879 87 500 172. II. 38,9 5441 107000 172. 42. 11,7 25 
|———| 1. 10,3 — — 53,0 — — 1. 21,8 
72000 71. 39. 59,1 6 88000 72. 12. 32, 1 108000 172. 43. 33,5 1 
72500 171. 41. 8,7 4 88 500 [172. 13. 25,7 53% ||109000 172. 44. 54,1 { 
73000 [I71. 42. 17, 5 89000 172. 14. 18,6] 329 ff 10000 |172. 46. 14,0 * 
73500 171. 43. 25,9 x 89500 |172. T5. 11,0 5224 111000 172. 47. 32,8 1 
. — ER. © | r 9. 5251 0 15 l 7 
74000 171. 44. 33, : go000 172. 16. 3,1 * 112000 72. 48. 50, 6 8 
74500 171. 45. 40, K 90 50 172. 16. 54,7 . 113000 72. 50. 7,0 1 e 
75000 171. 46. 47,3 59 172. 17. 46,0 5173 114000 172. 51. 23,0 , % 
75500 171. 47. 53,2 59 || 91500 15%. 15.390 50709 115000 72. 52. 38,7 55 
. — — I. 53 — — | 50,6 e + hea I4,3 
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THE THIRD TABLE CONTINUED. 
Anomaly. | Differ. || Anomaly. | Differ. 8 | Anomaly. | Differ. 
b Days. | —— Days. — — EY aysS. Y 
De M. $. N. 8. D. M. 3. M. 8 D. M. 3. 8. 
116000 172. 53; 3384. | 144000 173. 23. 39,0 1 172000 173. 46. 33,5 
117000 172. 55. 6,4 — Ar 145000 173. 24. . 9. 55˙1 173000 173. 47. 17, 0 4325 
118000 [172. 56. 19,0 oy 146000 173. 25. 28,6 54,5 [174000 173. 48. , 1] #355) 
119000 [172. 57. 30,80 147000 [173. 26. 22,6 N 75000173. 48. 42,90 47 
| ———— I. 10,9 - —— o. 53, | —— 42,4 
120000 [172. 58. 41,7 | 148000 173. 27. 16,2 7 176000173. 49. 25,3 _ 
121000 |172. 59. 51,9] 12149000 |[173. 28. 9,3 33•1 [| 1775000173. 50. 7,30 42 
122000 173. 1. 1,3 3 I 50000 173. 29. 1, 5235 178000173. 50. 49,0] 417 
12300073. 2. 9,9 f 151000 173. 29 549] 13 17900073. 51. 30,3 LY 
| w——— I. 7.9 — — 31, — 0 
| 124000 |[173. 3. 17,8 152000 173. 30. 45,8 1 180000173. 52. 11,3 40,7 
125000173. 4. 25,1 22 153000 173. 31. 36, 8 8 18 1000173. 52. 52, o : 
126000173. 5. 31,5 7 I 54000 173. 32. 27,0 885 182000173. 53. 32,4 2 
127000 73. 6. 3753 : 25 155000 173. 33. 17,9 5 = 183000[173. 54. 12,5 = 
128000 173. 7. 42,4 3 I 56000 173. 34. 7,8 184000173. 54. 52,3 6 
| 129000 173. 4 46,7 43 I 57000 [173. 34. 573 7955 185000173. 55. 31,9 395 
130000 [173. 9. 50, 5 3,6 1 58000 173. 35. 46, 3 25 186000173. 56. 11,2 +44 
| 131000 [173. 10. 53,6] 3 159000 173. 36. 34,9 = a; an. erate, 8 
— I. 2,4 — 40, Os 5 bl 
132000 173. 11. 56,0 160000 173. 37. 23,2 || 188000[173. 57. 29,2 g 
133000 173. 12. 57,9 159 || 161000 173. 38. 14,1 vor 189000 [173. 58. 7,7 * 
134000 73. 13. 59,0 5 162000173. 38. 58,7 22 90000 173. 58. 46,0 * 
135000 173. 14: 59.50 . 163000 173. 39. 4539 N 45 191000 73 59: qo! ere 
1326000 [173. 15. 9,60 : 164000 173. 40. 32,0 I 92000 174. O. 1,9 
* 944 s = 9. 5914 2 15 = * 40,4 193000 [174. o. 39,4 375 
138000 173. 17. 57,8 225 166000173. 42. 5,0 7 8 194000174. 1. 16,6 2252 
139000 173. 18. 56,0) — 167000 173. 42. 50,6 ; . 19500 A 53,6] 37> 
| 140000 [173. 19. 53,7 4 168000173. 43. 35,9 9600074. 2. 30,2 
141000 173. 20. 50,8 of 169000 173. 44. 20, +2 I97000]I 74. 3. O0, 
142000 173. 21. 47,4 mo 170000 173. 45. 5,4 mm 19800074. 3. 43,1 
143000 173. 22. 43.5% 50, 7 1000173. 45. 49» x ppg 199000 [174 4. 19,7 
5 ; f ; 209 | 2 8 J | 200000 174. 4. 54481 
Pye 
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TONTAINING THE 


USEFUL FOR CONSTRUCTING THAT CURVE. 


ABSCISSAS anp CORRESPONDING ORDINATES or A PARABOLA; 


13,7113 


* | 
Abſciſſæ. Ordinates. || Abſcifſe. | Ordinates. | Abſciſſæ. Ordinates. 
6,125 0,70710 N 8,48 53 | 48 13,8564 
0,25 I ,00000 19 8,7178 49 14, 000 
0, 50 141421 20 8,9444 50 14,1422 
8 O, 75 173205 21 9,1651 [ 52 14,4222 
1,00 2,00000 22 . 9,3808 56 14,9666 
| 1,5 2,44950 || 23 | 92,5916 60 15, 4920 
2,0 2,82843 24 9,7979 64 16,0000 
2,5 +1" 4,1022 5 "3.8 10,0000 68 16,4924 
3,0 3,46410 26 10,1980 72 16,9706 
355 3.74165 27 10,3923 76 | 174356 
| 4,0 4,00000 28 10, 5830 io --- 17,8888 
155 45, 24265 29 10, 7703 81 I 8,0000 
15,0 447210 30 10,9545 84 | 18,3302 
1 3.5 4, 69040 31 11,135 5 88 18,7616 
6,0 4, 89900 32 11,3138 92 19,1832 
6,5 5,09900 33 11,4891 96 | - 19,5958 
750 3529150 34 11,6619 || 100 20,0000 
7>5 5347725 35 11,8322 104 20,3960 
8,0 5,65690 36 12,0000 108 20,7846 
8,5- 5583095 37 12,1655 112 21,1660 
9,0 6, ooo . 38 x 12,3288 116 21,5406 
| 9,5 6, 16400 39 12,4900 I20 . 21,9090 
IO, 6,3245 40 12,0490 121 22,0000 
11 6,0332 41 12,8002 I24 22,2710 
12 6,9282 42 12,9615 126 | 22,0276 
— — a — — — — dns! — 
13 7,2111 43 13,1149 132 22,9782 
14 7,4833 44 13,2664 136 23,3238 
15 7,7460 45 13,4164 140 23,6644 
16 8,0000 46 13,5647 || 144 2.4,0000 
17 8,2462 47 | 4+ OT WY" 


EXPLANATION 
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EXPLANATION AND USE OF THE TABLES, 


EXPLANATION AND USE OF THE TABLES. 


TABLE I, is for the den of hours, minutes and ſeconds of time, 


into decimal parts of a day. 


RvuLe. Find, in the column of time, the hours, mimites and ſeconds given, 
and oppoſite. to each is the correſponding decimal, the ſum of which is the 


decimal fraction required. 


Ex, Required the decimal of a day of 17h. 27. 44”. 


Tis VT ET Cre VVT 
= WM or EPRIrPegyy 
FZJͤͥ Rees. 


— 


Sum. Decimal of 174. 27. 44. 0,727.592 


ith. At 


- 


TABLE II, is for the reduction of decimal parts of a day, into hours, 


minutes and ſeconds. 


Rol E. Enter the Table with the firſt figure to the left hand of the given 


decimal, and take out it's value in hours, &c. 


Repeat the ſame operation 


with the ſecond, third, and the reſt of the figures; and the ſum of the times, 


ſo taken from the Table, is the value of the decimal e 


Required the value in time of 0, 727592 of a day. 


Ex. 

. 
, 
8ꝗ—ᷣZ——ůů— . 
7771 ⁊ð + ir ĩͤ ß ̃ ĩͤ be 16 ad 
. ²˙» On” o. o. 43,2 
oo c 7•776 
GGG I!“! 475 
Sum. Value of o, 727592 FE: I 7. Ae 43.949 


ECTS 


TABLE 
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EXPLANATION AND USE OF THE TABLES, 


TABLE III, of the motion of comets in a parabolic orbit, was firſt pub- 
liſhed by Dr. HALLE, and fince augmented by M. de la Carrrx, 
M. de la LAxpE and Schurz of Berlin. M. P1xcrE' recomputed and 
extended the whole, ſo as to make it much more complete than any before 
publiſhed. And lately, M. de Lamzrz, whoſe abilities as a Calculator are 
well known, has recomputed the whole Table to decimals of ſeconds, and ſtill 
farther enlarged it. | 

The perihelion diſtance of any comet, and the time of it's paſſage through 
the perihelion being given, to find it's true anomaly, or angular diſtance from 
the perihelion, for any given time before or after the perihelion. | 


Rl E. To the logarithm of the perihelion diſtance of the comet, add it's 
half; ſubtra& the ſum from the logarithm of the time elapſed (expreſſed in 
days) between the given time and the arrival of the comet at it's perihelion, 
and the remainder will be the logarithm of a number of days; find this 
number in the Table of the parabola, and oppoſite to it 1s the anomaly ſought. 
If the given number be not in the Table, a fimple proportion will give the 
anomaly. | | | 


If the characteriſtic of the logarithm of the perihelion diſtance be 9, 8, or 7» 


in taking it's half, it muſt be ſuppoſed 19, 18, or 17. 


Ex. The logarithm of the perihelion diſtance of the comet in 1769 was 
9,0886320, according to'EULER. What was it's anomaly at 50 days before 


or after it's perihelion ? 


Log. of perihelion diſtance . . . . 9,0886320 
It's half „%% /='; +.» + + 16040210d - 


c pg os 8,6329480 
Log. of 50 days . . . . . .. 1,6980 


Soo es ͤ ein is 5 3,0656220 


— @@—_ 4 


Which is the logarithm of 1164,1 85 days. Secking this number in the 
Table of the parabola, it is not found there; but for 1160 days the anomaly 
1 145*. 16. 49“, and for 1165 days the anomaly is 14 5˙. 20', 7”; hence the 

Pa, Eh differ- 


EXPLANATION AND USE OF THE TABLES. 


difference for 5 days is 3. 18”; therefore, as 5 Gays: : 4,185 days :: 3“. 18” : 
2', 46”, which muſt be added to 145* 16'. 49”, the anomaly for 1160 days, 
and the ſum 145*. 19/..35” is the true anomaly for 1164,185 days in the 
Table, or for 50 actual days before or after the paſſage of the comet through 
the perihelion, 

If the true anomaly of a comet, for any inſtant, be given, and the time 
elapſed between that and the paſſage through the perihelion be required, it 
may be found from the ſame Table, | 


Rur E. Seek in the Table the given anomaly, and find the time correſ- 


ponding to it, taking, if neceſſary, proportional parts. To the logarithm of 


the perihelion diſtance, add it's half, and the logarithm of the days found in 
the Table; their ſum is the logarithm of the time elapſed between the comet's 
paſſing the perihelion, and it's arrival at the given anomaly. 


Ex. Given the anomaly of Dr. HALLEx's comet of 1759, 649. 36'. 37˙ 
to find the time it took to deſcribe that angle from the perihelion; the 
logarithm of it's perihelion ciftance being 9,766033, according to M. de la 
Cartes, 

The given anomaly is not in the Table; the two neareſt are 64". 29". 47”, 


and 64*. 40. 28“. The firſt anſwers to 58,75 days, and the other to 59,0 


days. The difference of the given anomaly from the firſt of theſe two tabulay 


ones is 6'. 50”, or 410”; the difference of the tabular anomalies is 10'. 41”, or 


601”, and the difference of times is 0,25 days; hence, 641 : 410 :: 0, 25 
: , 15991, which muſt therefore be added to the tabular time 58,7 5 days, 


anſwering to the anomaly 64*, 29'. 47”, and the ſum 58,90991 days, will be 


the tabular time anſwering to the given anomaly. Now the 


Logarithm of 58, 99999 1,7701883 
Logarithm of perihelion diſtance . . . . 9, 7660330 
Half logarithm of perihelion diſtance . . . 89, 8830165 


MA HT» ©», c 


Whoſe number is 26, 2 5656, the number of days that the comet will employ 
in deſcribing the angle of 64*. 36'. 37” on either ſide of the perihelion. 


This 
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EXPLANATION AND USE OF THE TABLES. 


This general Table will be ſufficient in all caſes to determine the true ano- 
maly from the time given ; but it will not be equally accurate for finding the 
time from the anomaly; for at conſiderable diſtances from the perihelion, errors 
will ariſe. The following little Table ſhows how far the Table may be uſed 
without incurring an error greater than 30 {ſeconds of time. 


' Perihelion - Anomalies. 
diftance, | D. 
0,25 | 130 

0,50: | 118 
Sante e 100 
1,00 | | 9o 
1, 20 4 8215 80 
1,550 N x 8 65 E 
2,00 3 50 


13 theſe anomabes, comets of the reſpe&ive perihelion diſtances are 
ſeldom viſible, and for comets of a leſs perihelion diftance, the limits extend 
proportionably further. Indeed, except when extreme accuracy is required, 
this Table may be uſed far beyond the limits here preſcribed ; and if the ut- 
moſt preciſion be neceflary, the following Rule will give the time free from 


error, in all caſes. The demonſtration will be found in Pixcre', Vol. ii. 


Page 339: 


ſos, To the log. 6 of half the given n anomaly, add the conſtant 
logarithm 1,9149328; and to triple the log. tangent of half the anomaly, 
add the conſtant logarithm 1,4378116; find the numbers to theſe logarithms, 
and add them together. To the logarithm of the ſum, add + of the logarithm 
of the perihelion diſtance of the comet, and the ſum will be the logarithm of 
the days from the perihelion, | 


Ex. Required the time from the perihelion, anſwering to 1449. 38. 28 
of anomaly for the comet of 1769; it's perihelion diſtance being 9,0886320. 


Tang. 


EXPLANATION AND USE OP THE TABLES, - 487 
WEE : Logarithms. Numbers. : 
Tang. $ anomaly: . .  « + + »  G405000 
Conſtant” ff 7 G4 146 TIHESOIOS 
?!!!! r˙ .. EE SR 
Triple tang. 4 anomaly e ee eee 3 Wat | 
Conſtaueee e 5 
> | Sum ; $f 17h „ 2,9274796 45 846,2 1275 


1 


Log. of ſum of numbers 3,0430222 1104, 13500 
Perihelion diſtance . . 3,6322430 à—ůàam»ç . 


Log. of days from the perihelion . . 1,67 59702 


% 


Hence the time from the perihelion is 47,421 days. 


THE | 
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ba | 85 1 
THE ELEMENTS OF SEVENTY - EIGHT COMETS, 
WHICH HAVE BEEN OBSERVED AND nn TO 1790. 
order I P dh the | Longitade of foctiherion Place Perihelion Authors 
=| perihelion, mean time at the Aſcending of of the diſtance, who have 
of the | 8 . Greenwich. Node. the Orbit. | Perihelion. | that of the | Motion calculated 
S * — ——— Sun the 
| | DAYS, H. Mu. 8 |S. D. M. 8.|D. M. 8. [s. D.'M.'$.| being 1. Orbits. 
3 837 — 5 „ 16866. 23. a 915 or 12*| 9. 19. 3. oſo, 58 Retrograde. PIN GRE. 

II. [1231130 Jannary .. 7. 12. 400 o. 13. on. | 6, 5. Of 4. 14. 48. 00,9478 Direct, PincRe/. 

III. En . . 7» 50. 400 5: * q. 30. ©| 9.21. o. 00,445 Direct. Dux THORN. 
. 7 July; »« . 6 0.40] 5.2 4 25. Of 9. 5.45. oſo, 4108 1 Direct. Pix RE“. 

IV. EP + 7. 28. 400 30 17. 57. oo. 3. 20. oſo, 3179 Retrograde PIN GERN“. 

V. 1301 d on, (about) O..15 — 70 > hon) 9, or 105 0,467 Retrograde. PI x RE. 
VI. [1337] 2 =” . + . 6. 24. 40| 2. 24. 21. 032. 11. O| I. 7. 59. 00,40 Retrograde HALLEY. 

| I i .. O. 30. 40 2. 2 032. 11. o. 20. o. oſo, 6445 Pix RE“. 

49. 1456] 8 June... .. 22. o. 400 1. 18. 30. of17. 56. otio. 1. o. oſo, 5855 Retrograde. PINGRE”, 
VII. [1472[28 February. 22. 22. 40 9. 11. 46. 200 5. 20+ of 1. 15. 33. 3000, 54273 | Retrograde HALLE. 
49. 1531/4 Auguſt ., 21. 17. 40| f. 19. 25. O17. 56. fro. 1. 39. oſo, 56700 Retrograde. HALLE V. 

| 19. 1532 19 22. 11. 400 2. 20 27. of32. 36 of 3-21. 7. oſo, 0910 Direct. HALLEY. 
| VIII. [153316 June... "I 29. 400 4+ 5. 44. 35. 409. of 4: 27. 16. oſo,2028 Retrograde Do uw Es. 

* 1850 21 April . . , 20. 2. 400 5. 25. 424 0032. 6. 30 4 8 50. oo, 46390 ᷑ Direct HALL. 

. % Oktober . . 18 44. 400 O. 25. 52. of74. 32: 45] 4+ 9. 22. oſo, 18342 Regrograde.|HaLLEY, 

X. 28 November 13. 44. 400 0. 19. 7. 37/04. 51. 50 3. 19. 11. 551059553 [Direct. PIN GRE“. 
XI. 1882 7 May 7. 5, or 21 |59, or 61 | 8. 5, or 9. 11, 23 or 0,04] Retrograde. ING 
XII. 11585 * N. 8. 19. 19. 400 1. 7. 42. 300 6. 4. of o. 8. 51. oft, 9358 Direct. HALLEx. 

XIII. 5900 8 Feb. N. S. 3. 44. 5. 15. 30. 09. 40. 40 7+ 6. 54. 30ſo, 5 7661 Retrograde HALLE x. 
XIV. 59 > 4 S. 13. 38. 40 5- 14. 16. 87. 58. of 5. 26. 19. C, o89 11 Direct. De la C4A1LLE. 
| XV. 189% — — 15. 33. 40010. 15. 36. goſg2. 9. 45| 7. 28. 30. 500, 549415 Retrograde. PIV GRE“. 
| 49: 7126 October . . 3. 49. 400 1. 20. 21. 01). 2. Oo. 2. 16. ofo,5B680 Retrograde.|HaLLey. 
XVI. 161877 Augutt . 3. 2. 40] 9. 23. 25. of21. 28. fro. 18. 20. oſo, 51298 Direct. PIN GRE“. 
| XVH. 16780 8 November 12. 22. 400 2. 16, 1. 0137. 34. of o. 2. 14. oſo, 37975 Direct. HALL x. 
XVIII. 15 12 N 15. 39. 400 2. 28. 10. 079. 28. of o. 28. 18. 4000, 847 50 Direct. HALLEY, 
XIX. - 5 23. 40. 2. 22, 30. 30032. 35. 500 3. 25. 58. 40[0,44851 Direct. HaLLEV. 
XX. «>. Gab 11. 81. 2. 21. 14. of21. 18. 300 4. 10. 41. 250, 25755 Retrograde. HALLE T. 
XXI. 1065 a4 April. . . y 14. 400 7. 18. 2. of76. 5 of 2. 11 54. 30j0,10049 Retrograde HALLEY. 
XXII. 1674 . . . 8. 30. 40 9. 27. 30 30083. 22. 100 1. 16. 59. 3000, 0739 [Direct. HALLEY. 
AXXIII. [1677] 6 May o. 36. 7. 26. 49. 109 3. 15] 4. 17. 37 5o, 28059 Retrograde. HALLE. 
XXIV. 1675 6 Auguſt. 1 8 14. 2. 40] 5. 11 40. of 3. 4. 20010. 27 46. o[1,23801 Direct. Douwzs. 
| XXV. [1680118 December. o. 1. 9. 1. 57. 13061. 22. 55] 8. 22. 40. 1000, 06030 Direct PiNORE“/. 
wth 168211 September. 7. 38 1. 21. 16. 30017. 56. fro. 2. 52. 45ſo, 58328 Retrograde. HA LL EY. 
I. 16830 3 July. . . 2. 49. 40 5. 23 23. 63. 11. of 2. 25. 29. 300, 56 Retrograde HALLET. 
XXVII. 168. > une . . . 10. 15. 8. 28. 15. 0065. 48. 40] 7. 28. 5. oſo, 96015 Direct HALLE. 
XXVIII. 1686 14. 32. I. 20. 34. 4003 1. 21. 400 2. 17 o. 3oſo,z2500 Direct. HALLEI. 
XXIX. 1689 7 1 14. 5 O. 23. 45. 2009. 17. of 8. 23. 44. 45/0, 16889 | Retrograde PIN GRE“. 
XXX. 169818 October . 16. 56. 8. 27. 44. 15011. 46. of 9 o. 51 1/0, 69129 Retrograde HAaLLEY. 
XXXI. [10991 3 oy. . . 8, 22. O. 21. 46. 3569. 20. of 7. 2. 31. 6ſo, 75435 Retrograde De la Ca1I IR 
XXXII. [1702}r3 March... 14. 12: 6. 9. 25. 16 4. 30. of 4 18 41. 3[0,04590 Dire&. De la CaiLLE. 
XXXIII. on 70 1 —_ .. 4+ 85, 40] ©. 13. 11. 2363. 14. 5 2. 12. 36. 2 50, 426865 Direct. STRUYCK., 
XXXIV. 23+ 43 27] 1. 22. co. 29088. 37 400 2. 19. 58. gjo,85904 Direct. TRUYCK. 
XXXV. 135 * anuary . . I. 15. 1606 4. 7. 55. 20031. 12. $3} 4. 1. 26. 3601, 02 565 Retrograde. Douwss. 
XXXVI. 7237 September 16. 10. 400 0. 14. 16. O49. 59. O 1. 12. 52. 200, 99865 Retrograde. BA ADE v. 
XXXVII. [1729/25 June. . . 11. 6. 40/10 10. 32. 3776. 58. 4/10. 22. 40. 004, 26140. Direct. De la Cail.LE. 
23 ſune . . . 6. 36. 2010. 10. 35. 15/77. 1. 58010. 22. 16. 5304,0698 Douwes 
XXXVIII [1737130 January. . 8. 20. 40] 7. 16. 22. 0018. 20. 45/10. 25. 55. of0,22282 Direct. BRADLEY. 
XXXIX. [1739|17 June. . . 9. 59. 40 6. 27. 25. 14065. 42. 44 3. 12. 38. go[0,67358 Retrograde. De la CaiLLE. 
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THE ELEMENTS OF SEVENTY- EIGHT COMETS, 
© - Tarn WHICE HAVE BEEN OBSERVED AND CALCULATED TO 1790. 
5 — IE T7 "FE 8 | 1 1 XI 5 A 838 
— 22 * —— * . . 7 l * N 1 _— 1 A * 1 
8 I bree through the | Longitude of |[nclination Place | Perihelion EA Authors 
| perihelion, mean time at |the Aſcending of of the diſtance, | who have 
of the | 8 Greenwich. Node. the Orbit. | Perihelion. | that of the | Motion calculated 
: O — — —— a Sun the 
Comets. Dave. H. M. 8. s. D. M. 8|D. M. 8. s. b. M. s.| being . Orbits 
XL 1742 8 February. 4. 38. 4o| 6. 5. 38. 2966. 59. 14] 7. 7. 35. 13,6568 Retrograde. De la CAL I. E. 
s February. 4. 21. 10] 6. 5. 34 45/67. 4. 11] 7. 7. 33. 14,765555 Retrograde. S YR UYcKk. 
XLI. 1743 ʃ10 January . 20. 25. 40] 2. 8. 21. 10 2. 19. 33] 3. 2. 41. 45,8301 Direct. 2 Ia CaiLLE, 
ro January . 21. 15. 37] 2. 8. 10. 480 2. 15. 50] 3. 2. 58. 40, 838115 ITRUYCK. 
XLII. |1743]20 September 21. 16. 4o| 0. 5. 16. 25145. 45. 20 8. 6. 33. 5200, 52157 Retrograde. KLIN XEN BERG. 
XLIII. [1744] 1 March. . . 8. 17. of 1. 15. 45- 2047. 8. 36 6. 17. 12. 5, 22206 Direct. B Liss. 
XLIV. 1740 3 Mar. 1747, 7. 10. 400 4. 27. 18. 50 79. 6. 20] 9. 7. 2. 02, 198561 Retrograde. De la Carr LE. 
XLV. 1748028 April . . 19. 35. 25| 7. 22. 52. 16 8. 26 57 7. 5. o. 5000, 84007 Retrograde. MAR ALDI. 
XLVI. 1748018 June. . . . 1. 23. 40] 1. 4. 39. 43/50. 59. 3] 9- 6. 9. 240.6562 5 Direct. ITRUYCK, 
XLVII. |1757]21 October . . 9. 46. 49] 7+ 4. 4+ 12. 48. O| 4. 2. 49. 09, 3380 Direct. PIN GRE“. 
XLVIII. 758011 June... . 3. 17. 40] 7+ 20. 50. 068. 19. 8. 27. 38. oſo, 21535 Direct. PINGRE/, 
XLIX, 1759 March. 13. 31. 40] 1- 23. 49+ O17. 39 O[10- 3. 16. 015,58349 Retrograde. De la CALL. B. 
12 March . . . 13. 50. 41. 23. 45+ 35/17. 40. 14/0. 3. 8. 10ſ0, 58490 De la LAN DE. 
| 12 March. . 12. 48. 16| 1. 23. 49. 2117. 35. 20010. 3. 16. 20[5,58360 ; MARALDI. 
L. 1760027 Nov. 1759, 0. 2. 37] 4 19+ 39. 41179: 6. 38] 1. 23. 34+ 7 = Direct. PIN GRE“. 
LI. 176016 Dec. 1759, 21. 3. 49] 2+ 19. 50. 45þ 4+ 51 32] +: 18. 24. 350.96 599 Retrograde. De la CaiLLe. 
LII. 176228 May . . 15. 17. 40011. 19, 20. 984. 45. 13 15. 15. 01,024 Direct De la LAN DE. 
28 May. . . . ©. 51. 2911 1 2285. 3. 3. 14. 29. 46, 098 56 | STRUYCK 
29 May . . . . 0+ 18. 28811. 18. $5. 31 85. 22, 211-3. 15. 22. 2301,01415 MaraLD. 
LIII. 1763 1 November 19. 43. 18|11-'26.. 234 29/72» 40.40 2. 24. 51. 540, 49876 Direct. PIN GRE“ 
LIV. 1764/12 February . 13. 42. 16] 4+ . 4+, 33/52. 53+ 37] ©. 15. 14. $212,55522 Retrograde. PIN GRE“. 
LV. 176617 February . . 8. 40. 400 8. 4. 10. 50040. 50. 20 4. 23. 15. 25/0, 50533 Retrograde. PIN GRE“. 
LVI. 1766022 April. . . 20. 46. 200 2+ 14+ 22. SOIT. 8. 4| 8. 2. 17. 63ſo, 33274 Direct. PiN GORE“. 
LVII, 769 7 October . 12. 20. 400 5: 25+ 9. 43/40. 37. 33] 4. 24. 5 540, 12376 Direct. De la LAN DE. 
October. . 13. 36. 53] 5: 25. 6. 334% 48. 49] 4. 24. 11. 7,2272 : PROSPERIN. 
LVIII. 1570014 Auguſt , . . 0. 4. 4 4 12+ 17. 3] 1. 34. 300T1. 26. 26. 130, 676893 Direct. PinGRE/, 
13 Auguſt . . 12. 55- 40 4. 12. o. 0 1. 33. 40[t1. 26. 16. 26,6738 1 Direct. LEXELL. 
LIX. 1771022 Nov. 1770, 5. 38. 40 3. 18. 42. 1031. 25. 55 6. 28. 22. 4400, 52824. Retrograde. PIX GAE. 
LX. 1771018 April.. . 22. 5. 7| 27. $I» UI. 15. 20] 3. 13. 28. 1310,90570 Direct. PINGRE“. 
LXI. I772J18 February . 20. 41. 15 8. 12. 43. 5018. 59. 400 3. 18. 6. 22|c,01815 Direct. De la LAN DE 
LXII. [:773] 5 September 11. 9. 25] 4+ T+ 15 37101. 25. 210 2. 15. 35. 431131339 - Direct, PiNnGRE'. 
LXIII. 1774015 Auguſt . . . 10. 46. 15 6. o. 49. 48083. o. 25/10. 17. 22, 4 154286 Direct. MECHAiN. 
LXIV yg 4 January. . 2. 2+ 40 O. 25. 5 51/32. 24. O| 2. 27, 13. 11ſo, 71312 Direct. MgcRHAIN 
4 January. - . 2. 15. 100 0. 25. 3.5732. 25. 30| 2. 27. 13. 4010,7132 Chev. d*AnGos 
LXV. 780 zo September 18. 3. 30] 4. 4. 91983. 48. 5| 8. 6, 21. 1800, 0992 5 Retrograde MEecCHailn. 
LXVI. 1781 7 July. . . 4: 32. 9] 2+ 23: o. 38 81. 43. 20 7. 29. 11, 2,0, 775801 Direct. Mecnain. 
LXVII. |1781]a9 November 12. 32+ 260 2. 17. 22. 5227. 13, 80 0. 16. 3. 28 0,06 101 Retrograde. Mecnain. 
LXVIII. [:783]:5 November 5. 44 3] 1: 2+ 13. 50053. 9. 9 1. 15. 24 4601, 5653 Direct. MEcnain. 
LXIX. [1784/21 January. . 4. 47+ 49] 1 26. 49+ 21051. 9. 120 2. 20. 44. 240, 70786 Retrograde. ME CHAIN. 
LXX. 17840 ꝙ April. . . 21. . 26] 2- 26. 52. 947. 55. 810. 28. 54. 57, 5031 | Retrograde. Chev. d' Axcos 
LXXI. 178 57 January . . 7. 48. 44 8. 24. 12. 1570. 14. 12] 3. 19. 51. 56/1, 143398 Direct. Mecaain, 
LXXII. [1785] 8 April. . . . 8. 58. 52] 2. 4. 33. 3087. 31. 54] 9+ 27+ 29. 3319,427300 Retrograde. MECHaAin, 
LXXIII. |1786| 7 July . . . . 21. 50. 52 6. 14. 22. 4250. 54. 25| 5. 9. 25. 300, 41010 Direct. MECHAIN. - 
LXXIV. 1787/10 May . 19. 48. 400 3. 16. 51. 36148. 15. 510 0. 7. 44. 910, 34891 Retrograde. P. de Sa Rox. 
LXXV. 178800 November . 7. 25. 49] 5. 7+ 10. 38012. 28. 20| 3 9. 8. 27 106301 Retrograde. MECHain. 
LXXVI. [|1788|20 November. 9. 4+ 25/1 I. 21. 42+ 15104. 52. 32] 0. 23. 12. 22 0,700911 Direct. MECHAIN. 
LXXVII. [1790|17 Januar 5. 22, O. ©[29. 31. ©o| 1.28. o. 00,75 Retrograde [De S.... 
LXXVIII. [1 790[28 Januar. 7- 36. 13] 8. 27. 8. 37 56. 58. 13] 3. 21. 44. 37 1,06 3286 | Direc. M schal. 
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The numbers, denoted by the Figures in the firſt column, ſhow the 
ſame comets with thoſe of the ſame number marked with the Numerals. 
Thus 49, which ſtands againſt the year 1456, denotes the ſame comet as 


that againſt which XLIX ſtands, Some of the comets ww n donn, 2 — 


calculated by two or three Authors. e en 
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11 10 ON THE FIXED STARS. 


9 5 


Art. 698. ALL the We bodies beyond our ſyſtem are called Fixed | 


Stars, becauſe they do not appear to have any proper motion 
of their own, except ſome few, which will be mentioned hereafter. From 
their immenſe diſtance, as appears by Article 524, they muſt be bodies of 
very great magnitude, otherwiſe they could not be viſible ; and when we con- 


ſider. the weakneſs of reflected light, there can be no doubt but that they 


ſhine with their own light. They are eafily known from the planets, by their 
twinkling. The number of ſtars viſible at once to the naked eye is about 


L000 ; but Dr. HERSCEHE , by his improvements of the reflecting teleſcope, 


has diſcoyered that the whole number is great, beyond all conception. In that 
bright tract of the heavens called the Mity Way, which, when examined by 
good teleſcopes, appears to be an immenſe collection of ſtars which gives that 


whitiſh, appearance to the naked eye, he has, in a quarter of an hour, ſeen | 


1 16000 ſtars paſs through the field of view of a teleſcope of only 15 aperture. 
Every improvement of his teleſcopes has diſcovered ftars not ſeen before, fo 
that there appears to be no bounds to their number, or to the extent of the 

univerſe. Theſe ſtars, which can be of no uſe to us, are Probably ſuns to 


other ſyſtems of planets. 
699. From an attentive examination of the ſtars with Oat teleſcopes, many 


which appear only ſingle to the naked eye, are found to conſiſt of two, three, 
or more ſtars. Dr. MAasKELYNE had obſerved « Herculis, to be a double 
ſtar; Dr. HornsBy had found 2 Bootis to be double; M. Cass1n1, Mr. 
MAx ER, Mr. PicoTrT, and many other Aſtronomers had made diſcoveries of 
the like kind. But Dr. HERSCHEL, by his improved teleſcopes, has found 
about.700, of which, not above 42 had been obſerved before. We ſhall here 


give an account of a few of the moſt remarkable. 


* Herculis, FLAM. 64, a beautiful double ſtar; the two ſtars very unequal, 


the largeſt is red, and the ſmalleſt blue, inclining to green. 
s Lyrz, FLaM. 12, double, very unequal, the largeſt red, 5 ſmalleſt 


duſky; not eaſily to be ſeen with a magnifying power of 227; 
QQQ 2 & Geminorum, 
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ON THE FIXED STARS, 


4 Geminorum, FLam. 66, double, a little unequal, both white; with a 
power of 146, their diſtance appears equal to the diameter of the ſmalleſt. 

© Lyra, FLAM. 4 and 5, a double-double ſtar ; at- firſt fight it appears 
double at a conſiderable diſtance, and by a little attention each will appear 
double; one ſet are equal, and both white; the other unequal, the largeſt white, 
and the ſmalleſt inclined to red. The interval of the ſtars, of the unequal ſer, 
is one diameter of the largeſt, with a power of 227. 
7 Andromede, FLAM. 57, double, very unequal, the largeſt reddiſh white, 


the ſmalleſt a fine bright ſky-blue, inclining to green. A very beautiful object. 


& Urſe minoris, FLAM. 1, CODER, very unequal, the largeſt white, the 


ſmalleſt red. - 
B Lyre, FLAM. 10, quadruple, unequal, white, but chree of them a lttle 


inclined to red. 

a2 Leonis, Fiam. 32, double, very unequal, largeſt hifts; ſmalleſt duſky. 
Bootis, FLAM. 36, double, very N rea ann nen —_ or 

rather a faint lilac; very beautiful. | 
Draconis, FLAM. 39, a very ſmall n. far, OY unequal, the ee 


white, ſmalleſt inclining to red. 
N Orionis, FLAM: 39, quadruple, or rather x double ſtar, and has two more 


at- a ſmall diſtance, the double ſtar colhUcrably On. the OP I 


ſmalleſt pale roſe colour. | 
E Libre, FLAM. ultima, double- double, one ſet very anequal the leſt a 


very fine white. 
4 Cyęni, FL AM. 78, _— conſiderably unequal, the' largeſt white the 


ſmalleſt blueiſh. * 


1 Herculis, Fam. 86, double, very unequal, the nal tar is not viſible 
with a power of 278, but is ſeen very well with one of 460 ; ; the largeſt 1 is in- 
clined to a pale red, ſmalleſt duſkiſh. : 1430 

& Capricorni, FL AM. 8, double, very unequal, the largeſt white, ſmalleſt 
duſky. 

Lyræ, Frau. 8, rele, very unequal, the e yOu boo mans Dots 


duſky. 


2 Lyræ, FLam. 3, double, very unequal, the largeſt a fine britliant white, 
the ſmalleſt duſky; it appears with a power of 227. Dr. HenScnt. meaſured 
the diameter of this fine ſtar, and found 1 it to be 03553. Mn O89) 


700. Theſe are a few of the principal double, treble, &c. ſtars mentioned 
by Dr. HERSCHEL, 1 in his catalogues which he has given us in the Phil, Tranſ. 
1782 and 1785. The examination of double ſtars with a teleſcope is a very 

excellent and ready method of proving it's powers. Dr. HERSCHEL recom- 
mends 


ON THE FIXED STARS. 


bias the following method. The teleſcope and the obſerver: having been 
ſome time in the open air, adjuſt the focus of the teleſcope to ſome ſingle ſtar 
of nearly the ſame magnitude, altitude and colour of the ſtar to be examined; 


attend to all the phænomena of the adjuſting ſtar as it paſſes through the field 


of view whether it be perfectly round and well defined, or affected with little 
appendages playing about the edge, or any other circumſtances of the like kind. 
Such deceptions may be detected by turning the object glaſs a little in it's cell, 
when theſe appendages will turn the ſame way. Thus you will detect the 
imperfections of the inſtrument, 15 therefore will not be deceryed * you 
come to examine the double ſta. 

701. If ABCD be the earth's orbit, and it's Wenne 40 hs a ſenſible 
proportion to the diftance As of a near fixed ſtar s,. this ſtar will appear in 
different ſituations in the heavens when the earth is at A and C; and it will, 

in the courſe of a year, appear to deſcribe a circle 4c d, or an ellipſe, according 

as the plane of a bed is perpendicular or oblique to the axis Sam, or according 
as the ſtar is in or out of the pole of the ealiptic, The angle A, C is called 
the Amual Parallax of the ſtar. | 

oz. Dr. HERSCHEL propoſes to find the 00 dane of the fixed ſtars, 
by. obſerving how the angle between two ſtars, very near to each other, vary in 
| oppoſite parts of the' year. This method was ſuggeſted by GALILEO in his 

Syllem. Coſ. Dial. 3. The theory is true, if you admit his poſtulata, which is, 
that che ſtars are al of the ſame magnitude, and that a ſtar of the ſecond/ mag - 
nitude is double the diſtance of one of the firſt, and ſo on. But we have no 
reaſon whatever for making the former ſuppoſition, and if we reaſon from the 
bodies in our own ſyſtem, analogy will be againſt it; and in reſpect to the 
magnitudes, the arrangement of that is merely arbitrary. We will however ex- 
plain the method in the moſt ſimple caſe. Let x and y be two ſtars ſituated in 
a line with the earth at A, and perpendicular to the diameter AB of the earth's 
orbit, and when the earth is at B, obſerve the angle x By. Let PS the angle 


AxB, or the annual parallax of x, p= the angle xBy found from obſervation, + 


M and m the angles under which the diameters of x and y appear, and draw 
⁊ & 55 to BX. Than 1. P:: x2: AB :: xy: Ay :: (becauſe M 


Ax) M - Mm: 2M, hence . FA is parallax of x. It x be a 
M-m 


* of the wy ataginitade, and y one of the third, and p=1 4.4 IT P= 4 
on theſe fuppoſitions. See the Phil. Tran J 1782. | 

70g. Several ſtars mentioned by ancient. Aſtronomers are not now to be 
found, and ſeveral: are now obſerved, which do not appear in their catalogues. 
The moſt ancient obſervation of a new: ſtar is that by HieeaRcavs, about 


120 years before J. C. which occaſioned his making a catalogue of the 
fixed 
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ON THE FIX ED STARS: 


fixed ſtars, in order that Wee Afﬀttonomiers might fee es NE 
talen plate fines his time. We have no account where this new tar appeared. 
A new ſtar is alſo fald/ to have appcarecl in the year 130 another in 3893 an- 
other in the ninth century, in L f $oorpro!; a fiſth in 945 1 and a ſixth in 
1264 but the decounts we have of) all theſe ure very imperfect. „i 

504. The firſt new far: we Have any accurate account of, is that which 
was diſeovered by Cox xgrtrvs Gemma, on Nevxeniber 8, 1572, in the Chair 
of Cafſtopea. ' Tt exceeded Sirius in brightneſs; and was Gi at mid-day. It 
fitſt appeared bigger than Jupiter, but it gradually decayed, and after ſixteen 
months it entirely diſappeared. It was obſerved by Treno BRAHR, who 
found that it had no ſenſible parallax; and he concluded that it was a fixed 


ſtar. Some have ſuppoſed chat this is the ſame which N in 95. pad | 
12645 the ſituation of it's place favouring this opinion. | 
765. On Auguſt 13, 1596, Daviy Fasriervs obſerved a per t in che 
Neck of tie Whale, in 2 5%. 45 of Aries, with 145% 34 ſouth latitude, It diſ- 
appeared after October in the ſame year. PrHocyLLIDES How aARrDA diſco- 
vered it again in 1637, not knowing that it had ever been ſeen before; and 
after having diſappeared for nine months, he ſaw it come into view again. 
BuLLiALDts determined the periodic time between it's greateſt brightneſs to 
be 333 days. It's greateſt brightneſs is that of a ſtar of the ſecond magnitude, 
and it's leaſt, that of a ſtar of the ſixth. It's greateſt degtee of brightneſs 
however is not . che _ nor are the fame mat N ace en 
intervall. 
06. In che yok WRT Fiutrabe dane Aud a changeable 
far in the Neck of the Swan. It was ſeen by KEPLER, who wrote a treatiſe 
upon it, and determined it's place, to be-16% 18, with 552. 30“ or 32 north 
latitude. RiccroLvs ſaw it in 1616, 1621, 1624 and 1629. He is poſitive 
that it was inviſible in the laſt years from 1640 to 1650. M. CAssf NI ſaw it 
again in 1655; it increaſed till 1660, and then grew leſs, and at the end of 
1661 it diſappeared. In November 1665, it appeared again, and diſappeared 
in 1681. In 171 5j it appeared of the ſixth magnitude, as it does at preſent. 
707. On June 20, 1670, another changeable. ſtar was diſcovered near the 
Swans Head, by P. ANTHELME. It diſappeared 1 in October, and was ſeen again 
on March 17, 1671. On September 11, it diſappeared. It appeared again in 
March 1672, and diſappeared in the ſame month, and bas never ſince been 
ſeen. It's longitude was 15. 52“. 26” of , and it's latitude 47% 2 5'. 22“ N. 
The days are here put down for the new Ale. | 
1708. In 1686, Kircnivs obſerved x, in the Swan tobe a changeable ftar; 


and, oth? 20 yan a the mou of the return of the ſame phaſes was 
lt! ö - 3 5150 11 found 
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found to be 405 days; 3 tho variations of it's magnitude howerer were ſubject 
to ſome irregularity. n . 
709; In the year'r 6o4, at the beginning of Oftoþer, K. PLER diſcayered. a 
new ſtar. near the heel of the right foot of Serpewarins, ſo very brilliagt, chat is 
exceeded every fixed ſtar, and. even Jupiter in magnitude. It vas qbſeryed to 
be every moment changing into ſome of the colours of the rainbow, except 
when it was near the horizon, when it was generally white. It gradually dimi- 
niſhed, and diſappeared about October 1605, when it came too RFAT, the ſun 
to be viſible, and was never ſeen after. It's longitude was 17*. 40' of..2- 1 With 


1. 567 north latitude, and was found to have no parallax. 
710. MoxrAxARI diſcovered two ſtars in the conſtellation of the Ship, 


marked BB and y by BAY RR, to be wanting. He ſaw them in 1664, but loſt 
them in 1668. The ſtar d in the tail of the Serpent, reckoned by Tycho of 
the third, was found, by him, of the fifth magnitude. The ſtar p in Serpentarius 


did not appear, from the time it was obſerved by him, till 1695. The ſtar q in 


the Lion, after diſappearing, was ſeen by him in 1667. He obſerved alſo that 


Bin 1 s Head varied in it's magnitude. 
M. Cass1ni diſcovered ove new ſtar of the fourth, and 7200 of the 


elch n e, in Caſſiopea; alſo five new ſtars in the ſame conſtellation, of 
which three have diſappeared; wo new ones in the beginning of the conſtellation 
Eridamus, of the fourth and fifth magnitude; and four new ones of the fifth or 
ſixth magnitude, near the north pole. He further obſerved, that the ſtar, placed 
by BAYER near « of the Little Bear, is no longer viſible ; that the ſtar A of 
Andromeda, which had diſappeared, had come into view again in 1695; that 


in the ſame conſtellation, inſtead of one in the Knee, marked v, there are two 


others come more northerly ; and that is diminiſhed ; that the ſtar placed by 


Tyco at the end of the Chain of Andromeda, as of the fourth magnitude, 
could then ſcarcely be ſeen ; and that the ſtar which, in Tycno's catalogue, is 


the twentieth of Piſces, was no longer viſible. 


712. M. MARALTDI obſerved, that the ſtar x in the left leg of Sagittarius, 


marked by BAYER of the third magnitude, appeared of the fixth, in 1671; 
in 1676 it was found by Dr. HaLLey to be of the third; in 1692 it could 


hardly be perceived, but in 1693 and 1694 it was of the fourth magnitude. 


In 1704 he diſcovered a ſtar in Hydra to be periodical ; it's poſition is in 


a right line with thoſe in the tail marked x and y. The time between it's 

eateſt luſtre, of the fourth magnitude, was about two years; in the intermediate 
time it diſappeared. In 1666, HEeveLivps ſays he could not find a ſtar of the 
fourth magnitude in the eaſtern ſcale of Libra, obſerved by Tycho and 
BAYER; but MAarALDI in 1709, ſays, that it had then been ſeen for 1 5 years, 


ſmaller than one of the fourth. See Elem. d' Aftron. page 57. 
713. J. GooDRICKE, 


495 


JGbsbkiexx, 


or 5 70 
It's 


greateſt brigli 


n "THe" VIE TAK 
Eſq. has determined the Periode variation of A 


(obſerved by MonTANARI to be variable) to be about 24. 214. 
chels is of tlie ſecond magnitude, and leaſt; of the fourth. 


It changes from the ſecond to the fourth in about three hours and a half, and 


back 


part of the time. See the Phil. Tran.” 1783. 
M. de la LAN DE has given the following Tables to find the time 
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n in the ſame time, and retains it's greateſt brightneſs for the other 
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TABLES OF THE VARIATION OF ALGOL. 


_ 4 1 


—_ — — ct 


— was _ * 
1 — 
- * 
£ 
* 


EPOCHS. MEAN MOTION Fox MONTHS.| 
| | 
YEARS. . Monrns. D. K., M. 
1796 B 1 January „ 
1 i February 9. 1 9 
1798 r March 1 6. 10 
11 2. 16. 49 April 1. Iv. 9 
1800 C „ . 436 May C 
1801 90. 23. 23 June . 
1802 0" "+ -- fn 10 0 . 
1803 VV Auguſt 0. 4: 08: *7 
1804 B o. #7. 34 [ September 0.17. +88 
October 2. 6 25 | 
| | | November | 2. 19. 27 
4 leap- year, we muſt add a day to the December 1 „ 
ulation, in January and February. | | 


— — 


— 


| | 
MEAN MOTION For YEARS. - REVOLUTIONS. 
5 
YEARS, | D. H. N. | . . 
1 „ I 2. $0. 49. „ 
g 7 SO FR EC 2 „ %%% 88-6 
3 Os: . 11 3 8. 14. 27 6 
4 B "Is . 
= '- Fs © FIRE © 5 — — Ä 
1 3. 13. 10 6 „ „ 
13 . 7 20. 1. 43. 14 
1 3. "39: "34 22. 22, 32. 16 
| 9 ve. 16: 09-8 71 
10 +29. 16. 10. 20 


RRR 714. Mr 


i 
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714. Mr. Goopricxsz alſo diſcovered, that g Lyræ was ſubject to a 


. periodic variation. The following is the reſult of his obſervations. It com- 


pletes all it's phaſes in 12 days 19 hours, during which time, it undergoes the 
following changes.— 1. It is of the third magnitude for about two days. — 
2. It diminiſhes in about 14 days, — 3. It is between the fourth and fifth 
magnitude for leſs than a day.— 4. It increaſes in about two days.— 5. It is 
of the third magnitude for about three days.—6. It diminithes in about one 
day.—7. It is ſomething larger than the fourth magnitude for a little leſs 
than a day.— 8. It increaſes in about one day and three quarters to the 
firſt point, and ſo completes a whole period. See the Phil. Tranſ. 1785. 


He has alſo found, that J Cephei is ſubject to a periodic variation of 


5d. 8h. 37/3, during which time it undergoes the following changes. 1. It 
is at it's greateſt brightneſs about 1 day 13 hours.—2. It's diminution is per- 
formed in about 1 day 18 hours.—3. It is at it's greateſt obſcuration about 
1 day 12 hours.—4. It increaſes in about 13 hours. It's greateft and leaſt 
brightneſs is that between the third and fourth, and between the fourth and 
fifth magnitudes. | 

715. E. Pieorr, Eſq. has diſcovered » Antinoi to be a variable ftar, with 
a period of 7 days 4 hours 38 minutes. The changes happen as follows. 
1. It is at it's greateſt brightneſs 44 = hours.— 2. It decreaſes 62 = hours.— 
3. It is at it's leaft brightneſs 30 = hours.— 4. It increaſes 36 = hours. When 


moſt bright it is of the third or fourth magnitude, and when leaſt, of the 


fourth or fifth. See the Phil. Tranſ. 1785. 


716. In the Phil. Tranſ. 1796, Dr. HERSCHEL has propoſed a method of 
obſerving the changes that may happen to the fixed ſtars; with a catalogue of 


their comparative. brightneſs, in order to aſcertain the permanency of their 


8 
Dr. HERSCRHEL, in a Paper 1 in the P/1]. Tran. 1783, upon the proper 
7 of the ſolar ſyſtem, has given a large collection of ſtars which were 
formerly ſeen, but are now loſt; alſo a catalogue of variable ſtars, and of new 
ſtars; and very juſtly oblerres, that it is not eaſy. to prove that a ſtar was 
never ſeen before; for though it ſhould not be contained in any catalogue 
whatever, yet the argument for it's former non- appearance, which is taken 
from it's not having been obſerved before, is only ſo far to be regarded, as it 
can be made probable, or almoſt certain, that a har would have been obſerved, 
had it been viſible. 
718, There have been various conjectures to account for the appearances 


of the changeable ſtars. M. MAur ER Turs ſuppoſes, that they may have ſo 


quick a motion about their axes, that the centrifugal force may reduce them 


to flat oblate ſpheroids, not much unlike a mill ſtone ; ; that 1 it's plane may be 
3 inclined 
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inclined to the plane of the orbits of it's planets, by whoſe attraction the 
poſition of the body may be altered, ſo that when it's plane paſſes through the 
earth, it may be almoſt or entirely inviſible, and then become again viſible as 
it's broad ſide is turned towards us. Others have conjectured, that conſiderable 
parts of their ſurfaces are covered with dark ſpots, ſo that when, by the rota- 
tion of the ſtar, theſe ſpots are preſented to us, the ſtars become almoſt or 
entirely inviſible. Others have ſuppoſed, that theſe ſtars have very large 
opaque bodies revolving about and near to them, ſo as to obſcure them when 
they come in conjunction with us. The irregularity of the phaſes of ſome of 
them, ſhows the cauſe to be variable, and therefore may perhaps be beſt ac- 
counted for, by ſuppoſing that a great part of the body of the ſtar is covered with 


ſpots, which appear and diſappear like thoſe on the ſun's ſurface. The total 


diſappearance of a ſtar may probably be the deſtruction of it's ſyſtem; and 
the appearance of a new ſtar, the creation of a new ſyſtem of planets. 

719. The fixed ſtars are not all evenly ſpread through the heavens, but the 
greater part of them are collected into cluſters, of which it requires a large mag- 
nifying power, with a great quantity of light, to be able to diſtinguiſh the ſtars 
ſeparately. With a ſmall magnifying power and quantity of light, they only 
appear ſmall whitiſh ſpots, ſomething like a ſmall light cloud, and from thence 
they were called Nebulæ. There are ſome nebulæ, however, which do not 
receive their light from ſtars. In the year 1656, HuroENs diſcovered a 
nebula in the middle of Orion's Sword; it contains only ſeven ſtars, and the 
other part is a bright ſpot upon a dark ground, and appears like an opening 
into brighter regions beyond. See Fig. 176. In 1612, SiMon Marrvs diſco- 
vered a nebula in the Girdle of Andromeda. Dr. HALLE, when he was obſerv- 
ing the ſouthern ſtars, diſcovered one in the Centaur, but this is never viſible 
in England. In 1714, he found another in Hercules, nearly in a line with & 
and n of BAYER. This ſhows itſelf to the naked eye, when the ſky is clear and 
the moon abſent. M. Cass1n1 diſcovered one between the Great Dog and 
the Ship, which he deſcribes as very full of ſtars, and very beautiful, when 
viewed with a good teleſcope. There are two whitiſh ſpots near the ſouth pole, 
called, by failors, the Magellanic Clouds, which, to the naked eye, reſemble 
the milky way, but through teleſcopes, they appear to be compoſed of ſtars. 
M. de la CA1LLE, in his catalogue of fixed ſtars obſerved at the Cape of Good 
Hope, has remarked 42 nebulæ which he obſerved, and which. he divided 
into three claſſes; fourteen, in which he could not diſcover the ſtars; fourteen, 
in which he could ſee a diſtinct maſs of ſtars, and fourteen, in which the ſtars 
appeared of the ſixth magnitude, or below, accompanied with white ſpots, and 
nebulæ of the firſt and third kind. In the Connorſance des Temps, for 1783, 
and 1784, there is a catalogue of 103 nebulz, obſerved by MxssIER and 
LKk2zS MEcarain, 
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Mzcnain, ſome of which they could reſolve, and others they could not. 
But Dr. HRRScRHEL has given us a catalogue of 2000 nebulæ and cluſter of 
ſtars, which he himſelf has diſcovered. Some of them form a round compact 
ſyſtem, others are more irregular, of various forms, and ſome are long and 
narrow. The globular ſyſtems of ſtars appear thicker in the middle than 
they would do if the ſtars were all at equal diſtances from each other; they are 
therefore condenſed towards the center. That the ſtars ſhould be thus acci- 
dentally diſpoſed, is too improbable a fuppofition to be admitted ; he ſuppoſes 
therefore, that they are thus brought together by their mutual attractions, and 
that the gradual condenfation towards the center, is a proof of a central power 
of fuch a kind. He further obſerves, that there are ſome additional circum- 
ſtances in the appearance of extended cluſters and nebulæ, that very much 
favour the 1dea of a power lodged in the brighteſt part. For although the | 


form of them be not globular, it is plainly to be ſeen that there is a tendency 


towards ſphericity, by the ſwell of the dimenſions as they draw near the moſt 


luminous place, denoting, as it were, a courſe, or tide of ſtars, ſetting towards 


a center. As the ſtars in the ſame nebula muſt be very nearly all at the ſame 
relative diftances from us, and they appear nearly of the ſame ſize, their real 
magnitudes muſt be nearly equal. Granting therefore that theſe nebulæ and 
cluſters of ſtars are formed by their mutual attraction, Dr. HERSCRHEIL con- 
cludes that we may judge of their relative age by the diſpoſition of their com- 
ponent parts, thoſe being the oldeft which are moſt compretied. He ſuppoſes 
the milky way to be a nebula, of which our fun is one of it's Component ſtars. 

See the Phil. Tranſ. 1786 and 1789. 

720. Dr. HtrscCHEL has diſcovered other phænomena in the heavens which 
he calls Nebulous Stars, that is, ftars ſurrounded with a faint luminous atmo- 
ſphere, of a conſiderable extent. Cloudy or nebulous ftars, he obſerves, have 
been mentioned by ſeveral Aſtronomers; but this name ought not to be applied 
to the objects which they have pointed out as ſuch ; for, on examination, they 


proved to be either cluſters of ftars, or ſuch appearances as may reaſonably 


be ſuppoſed to be occaſioned by a multitude of ſtars at a vaſt diſtance. He 
has given an account of ſeventeen of theſe ſtars, one of which he has thus de- 
icribed. <© November 13, 1790. A moſt ſingular phenomenon ! A ſtar of 


the eighth magnitude, with a faint luminous atmoſphere, of a circular form, 


and of about 3“ diameter. The ſtar is perfectly in the center, and the atmo- 
ſphere 1s fo diluted, faint and equal throughout, that there can be no ſurmiſe 
of it's conſiſting of ſtars; nor can there be a doubt of the evident connection 
between the atmoſphere and the ſtar. Another ſtar not much leſs in brightneſs, 


and in the fame field of view with the above, was perfectly free from any ſuch 


appearance,” Hence he draws the Ong conſequences. Granting the 
connec- 
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connection between the ſtar and the ſurrounding nebuloſity, if it conſiſt of ſtars 


very remote which gives the nebulous appearance, the central ſtar, which is 


viſible, muſt be immenſely greater than the reſt; or if the central ſtar be no 
bigger than common, how extremely ſmall and compreſſed muſt be thoſe other 
luminous points which occaſion the nebuloſity? As, by the former ſuppoſition, 
the luminous central point muſt far exceed the ſtandard of what we call a ſtar, 
ſo, in the latter, the ſhining matter about the center will be much too ſmall 
to come under the fame denomination ; we therefore either have a central body 
which is not a ſtar, or a ſtar which is involved in a ſhining fluid, of a nature 
totally unknown to us. This laſt opinion Dr. HerscueL adopts. The 
exiſtence of this ſhining matter, he ſays, does not ſeem to be ſo effentially 
connected with the central points, that it might not exiſt without them. 
The great reſemblance there is between the chevelure of theſe ſtars, and 
the diffuſed nebuloſity there is about the conſtellation of Orion, which takes up 
a ſpace of more than 60 ſquare degrees, renders it highly probable that they 
are of the fame nature. If this be admitted, the ſeparate exiſtence of the 
luminous matter is fully proved. Light reflected from the ſtar could not be 
ſeen at this diſtance. And beſides, the outward parts are nearly as bright as 


thoſe near the ſtar. In further confirmation of this, he obſerves, that a cluſter 


of ſtars will not ſo completely account for the milkineſs, or ſoft tint of the light 
of theſe nebulæ, as a ſelf luminous fluid. This luminous matter ſeems more 
fit to produce a ſtar by it's condenſation, than to depend on the ſtar for it's 
exiſtence. There 1s a teleſcopic milky way extending 1n right aſcenſion from 
5h. 15. 8” to 5h. 39“. 1”, and in polar diſtance from 87%. 46“ to 989. 100 
This, Dr. HERSscHEL thinks, is better accounted for, by a luminous matter, 
than from a collection of ſtars. He obſerves, that perhaps ſome may account 
for theſe nebulous ſtars, by ſuppoſing that the nebuloſity may be formed by a 
collection of ſtars at an immenſe diſtance, and that the central ſtar may be a 
near ſtar accidentally ſo placed ; the appearance however of the luminous part 
does not, in his opinion, at all favour the ſuppoſition that it is produced by a 


great number of ſtars; on the other hand, it muſt be granted that it is ex- 


tremely difficult to admit the other ſuppoſition, when we know nothing but a. 
ſolid body that is ſelf-luminous, or, at leaft, that a fixed luminary muſt 


immediately depend upon ſuch, as the flame of a candle upon the candle itfelf. 


See the Phil. Tranſ. 1791, for Dr. HErscuEL's account. 
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ON THE CONSTELLATIONS. 


On the Conſtellations. 


21. As ſoon as Aſtronomy began to be ſtudied, it muſt have been found 
neceſſary to divide the heavens into ſeparate parts, and to give ſome repreſenta- 
tions to them, in order that Aſtronomers might deſcribe and ſpeak of the ſtars, 
ſo as to be underſtood. Accordingly we find that theſe circumſtances took place 


very early. The ancients divided the heavens into Conſtellatious, or collections of 


ſtars, and repreſented them by animals, and other figures, according to the 
ideas which the diſpoſitions of the ſtars ſuggeſted. We find ſome of them 
mentioned by Jos, and although it has been diſputed, whether our tranſlation 
has ſometimes given the true meaning to the Hebrew words, yet it is agreed, 
that they ſignify the conſtellations. Some of them are mentioned by Homzr 
and HEes10D, but AxArus profeſſedly treats of all the ancient ones, except 
three which were invented after his time. The number of the ancient con- 
ſtellations was 48, but the preſent number upon a globe is about 70; by 
rectifying which (as will be afterwards explained), and ſetting it to correſpond 


with the ſtars in the heavens, you may, by comparing them, very eaſily get a 
knowledge of the different conſtellations and ftars. Thoſe ſtars which do not 


come into any of the conſtellations, are called uninformed ſtars. The ftars viſible 


to the naked eye are divided into fix claſſes, according to their magnitudes ; 


the largeſt are called of the firſt magnitude, the next of the ſecond, and fo 
on. Thoſe which cannot be ſeen without teleſcopes, are called Teleſcopic Stars. 
The ftars are now generally marked upon maps and globes with BayzR's 


letters; the firſt letter in the Greek alphabet being put to the greateſt ſtar of 
each conſtellation ; the ſecond letter to the next greateſt, and ſo on, and when 


any more letters are wanted, the italic characters are generally uſed ; this ſerves 


as a name to the ſtar, by which it may be pointed out. Twelve of theſe con- 


ſtellations lie upon the ecliptic, including a ſpace about 1 5* broad, called the 
Zodiac, within which all the planets move. The conſtellation Aries, or the 
Ram, about 2000 years ago, lay i in the fir ſign of the ecliptic ; but, on ac- 
count of the preceſſion of the equinox, it now lies in the ſecond. The following 
are the names of the conſtellations, and the number of the ſtars obſerved in 


them by different Aſtronomers. Antinous was made out of the uninformed ſtars 
near Aquila; and Coma Berenices out of the uninformed ſtars near the Lyar's 


Tail. They are both mentioned by ProLEMY, but as uninformed ſtars. 


The conſtellations as far as the Triangle, with Coma Berenices, are northern; 


thoſe after Piſces, are ſouthern. | 
| 3 5 | | | THE 


Urſa Minor 
Urſa Major 
Draco | 
Czpheus 
Bootes 


Corona Borealis 


Hercules 
Eyra - 
Cygnus 
Caſſiopea 
Perſeus 
Auriga 
Serpentarius 
Serpens 
Sagitta 
Aquila 

Ant inous 
Delphinus 
Equulus 
Pegaſus 
Andromeda 
Triangulum 
Aries 
Taurus 
Gemini 
Cancer 

Leo 

Coma Berenices 
Virgo 


Libra 


Scorpius 
Sagittarius 
Capricornus 
Aquarius 
Piſces 
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The Little Bear 
The Great Bear 
The Dragon 
Czpheus 
Bootes 
The Northern Crown 
Hercules kneeling 
The Harp 
The Swan 

. The Lady in her Chair 
Perſeus 
The Waggoner 
Serpentarius 
The Serpent 
The Arrow 
The 2 
Antinous 
The Dolphin 
The Horſe's Head 
The Flying Horſe 
Andromeda 
The Triangle 
The Ram 
The Bull 

The Twins 
The Crab 
The Lion 
Berenice's — 
The Virgin 
The Scales 
The Scorpion 
The Archer 

The Goat 

The Water-bearer 
The Fiſhes 


8 
35 
31 
13 
23 

8 
29 
10 
19 
13 
29 


14 


29 
18 


15 


10 


THE ANCIENT CONSTELLATIONS. 


7 
29 
32 

4 
18 


8 


28 
11 
18 
26 


29 


9 
15 
13 


* 


12 
3 


10 


p 
19 
23 
4 
21 


43 


25 
15 
30 
14 
33 


12 
73 
40 
51 
52 


Pror tur. Tycno, HeveLivs, FLAMSTEAD. 


303 


304 


Cetus 


on THE CONSTELLATIONS, 


THE ANCIENT CONSTELLATIONS CONTINUED. 


The Whale 


Protemy. Tycho. Heverivs, FLaMSTEAD. - 


38: 41 

Orion Orion 38 42 
Eridanus Eridanus, 110 
Lepus I The Hare 12 13 
Canis Major The Great Dog . 
Canis Minor The Little Dog 2 .2 
Argo The Ship 1 
Hydra The Hydra 27 19 
Crater The Cup 7 3 
Corvus The Crow 7 1 
Centaurus The Centaur 37 

Lupus The Wolf 19 

Ara 3 The Altar 7 

Corona Auſtralis The Southern Crown 13 
Piſcis Auſtralis 


The Southern Fiſh . 18 


45 97 

62 78 

27 84 

16 19 
21 31. 

13 14 

4 64 
. 

10 31 

9 

35 

24 

'9 

12 

24 


THE NEW SOUTHERN CONSTELLATIONS. 


Columba Naochi- 


Robur Carolinum 
Grus 

Phoenix 

Indus 

Pavo 2 
Apus, Avis Indica 
Apis, Mu ſca 
Chamæleon 


Triangulum Auſtralis 


Piſcis volans, Paſſer 
Dorado, X:phias, 
Toucan 


Hydrus 


Noah's Dove 
The Royal Oak 
The Crane 

The Phoenix 
The Indian 
The Peacock 


The Bird of Paradiſe 


The Bee or Fly 
The Chameleon 
The South Triangle 
The Flying Fiſh 
The Sword Fiſh 
The American Gooſe 
The Water Snake 


10 
12 
13 


10 


HEVELIUS's 


12 OVATUE CONSTELLATIONS, 


HEVELIUS's CONSTELLATIONS 
Made out of the uninformed Stars. 


Heverius. FLAMsSTEA®, 


Lynx The Lynx 19 44 


Leo Minor The Little Lion 53 
Aſteron and Chara The Greyhounds 23 25 
Cerberus Cerberus 4 | 
Vulpecula and Anſer The Fox and Gooſe 1735 6 
Scutum Sobieſki Sobieſki's Shield 7 " 
Lacerta The Lizard 16 
Camelopardalus The Camelopard 32 58 
Monoceros The Unicorn 14 KS: 31 
Sextans The Sextant 11 41 


Beſides the letters which are prefixed to the ſtars, many of them have 
Names, as Regulus, Syrius, Arcturus, &c. 


722. K EPT ER, who was afterwards in this conjecture followed by Dr. 


 HALLEyY, has made a very ingenious obſervation upon the magnitudes and 


diſtances of the fixed ſtars. He obſerves, that there can be only 13 points 
upon the ſurface of a ſphere as far diſtant from each other as from the center; 
and ſuppoſing the neareſt fixed ſtars to be as far from each other as from the 
ſun, he concludes that there can be only 13 ſtars of the: firſt magnitude. 


Hence, at twice that diſtance from the ſun, there may be placed four times as 


many, or 523 at three times that diſtance, nine times as many, or 117; and 
ſo on. Theſe numbers will give pretty nearly the number of ſtars of the firſt, 
ſecond, third, &c. magnitudes. Dr. HALLE further remarks, that if the number 
of ſtars be finite, and occupy only a part of ſpace, the outward ſtars would be 
«continually attracted towards thoſe which are within, and in proceſs of time 


they would coaleſce and unite into one. But if the number be infinite, and 


they occupy an infinite ſpace, all the parts would be nearly in equilibrio, and 
conſequently each fixed ſtar being drawn in oppoſite directions would keep 


it's place, or move on till it had found an equilibrium. Phil. Tranf. 


Ne. 364. 
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ON THE. CATALOGUES or THE FIXSD STARS, 


On the C atalogues of the 1 _ Stars. 


723. At the time of Hieeancnvs of Rhodes, about 120 years before 
J. C. a new ftar appeared, upon which he ſet about numbering the fixed ſtars 
and reducing them to a Catalogue, that poſterity might know whether any 
changes had taken place in the heavens. Pro zur however mentions that 
TyYMocHARIvUs and ARISTYLLUS left ſeveral obſervations made 180 years 
before. The catalogue of Hieyarenvs contained 1022 ſtars, with their 
latitudes and longitudes, which ProLEMY publiſhed, with the addition of four 
more. Theſe Aſtronomers made their obſervations with an armillary ſphere, 
placing the armilla, or hoop repreſenting the ecliptic, to coincide with the 
ecliptic in the heavens by means of the ſun in the day-time, and then they 
determined the place of the moon in reſpect to the ſun by a moveable circle 
of latitude. 'The next night, by the help of the moon (whoſe place before 
found they corrected by allowing for it's motion in the interval of time) they 
placed the hoop in ſuch a fituation as was agreeable to the preſent moment of 
time, and then compared, in like manner, the places of the ſtars with the moon. 
Thus they found the latitudes and longitudes of the ftars; it could not 
however be done with ſuch an inſtrument to any very great degree of accuracy. 
ProLEMY adapted his catalogue to the year 137 after J. C.; but ſuppoſing, 
with Hirearcnvs who made the difcovery, the preceſſion of the equi- 
noxes to be 1 in 100 years, inſtead of about 72 years, he only added 25. 40* 
to the numbers in Hryyarcnvs for 265 years (the difference of the epochs) 
inſtead of 30. 44. 22” according to Dr. MasxzLyYNe's Tables. To compare 
his Tables therefore with the preſent, we mult firſt increaſe his numbers by 
1*. 2. 22”, and then allow for the preceſſion from that time to this. The next 
Wonder who obſerved the fixed ſtars a- new, was UL VSH BEIGE, the 
Grandfon of TAMERLANE the Great; he made a catalogue of 1022 ſtars, 
reduced to the year 1437. WILLIAM, the moſt illuſtrious Landgrave of 
Heſſe, made a catalogue of 400 ſtars which he obſerved; he computed their 
latitudes and longitudes from their obſerved right aſcenſions and declinations. 
In the year 1610, TrenO BRAHE's catalogue of 777 ſtars was publiſhed from 
his own obſervations, made with great care and diligence. It was afterwards, 
in 1627, copied into the Rudolphine Tables, and increaſed by 223 ſtars from 
other obſervations of TycHO. Inſtead of a zodiacal armilla, Tycno ſubſtituted 
the equatorial armilla, by which he obſerved the difference of right aſcenſions, 
and the declinations, out of the meridian, the meridian altitude being always 
made ule of to confirm the others. From thence he computed the latitudes and 

| longitudes. 


ON THE CATALOGUES OF THE FIXED STARS. 


longitudes. Tycno compared Venus with the fun, and then the other ſtars 
with Venus, allowing for it's parallax and refraction; and having thus aſcer- 
tained the places of a few ſtars, he ſettled the reſt from them; and although 
his inſtrument was very large, and conſtructed with great accuracy, yet not 


having pendulum clocks to meaſure his time, his obſervations cannot be very 


accurate. The next catalogue was that of R. P. RiccrioLvs, which was 
taken from Tycno's, except 101 ſtars which he himſelf had obſerved. 
HevzLivs of Dantzick in 1690 publiſhed a catalogue of 1930 ſtars, of which 
950 were known to the ancients; 603 he calls his own, becauſe they had not 
been accurately obſerved by any one before himſelf; and 379 of Dr. HaiLey 
which were inviſible to his hemiſphere. Their places were fixed for the year 


1660. The Briti/h Catalogue, which was publiſhed by Mr. FLAMsrTEAPD, 


contains 3000 ſtars, rectified for the year 1689. They are diſtinguiſhed 
Into ſeven degrees of, magnitude (of which the ſeventh degree are teleſcopic) 
in their proper conſtellations. This catalogue 1s more correct than any of the 
others, the obſervations having been made with better inſtruments. He alſo 
- publiſhed an Atlas Cæleſtis, or maps of the ſtars, in which each ſtar is laid 

down in it's true place, and delineated of it's own magnitude. Each ſtar is 
marked with a letter, beginning with the firſt letter @ of the Greek alphabet 
for the largeſt ſtar of each conflellation, and ſo on according to their magni- 
tudes, following, in this reſpect, the charts of the ſame kind which were pub- 
| liſhed by J. BAYER, a German, in 1603. In the year 1757, M. de la 

CAILLE publiſhed his Fundamenta Aſtronomiæ, in which their is a catalogue 
of 397 ſtars; and in 1763, he publiſhed a catalogue of 1942 ſouthern ſtars, 
from the tropic of Capricorn to the ſouth pole, with their right aſcenſions and 
declinations for 1750. He alſo publiſhed a catalogue of zodiacal ſtars in the 
Ephemerides from 1765 to 1774. Mr. Mare allo publiſhed a catalogue of 
600 zodiacal ſtars. In the Nautical Almanac for 1773, there is publiſhed a 
catalogue of 380 ſtars obſerved by Dr. BxaDLEY, with their longitudes and 
latitudes. In the year 1782, J. E. Bopz, Aſtronomer at Berlin, publiſhed 
a ſet of Celeſtial Charts, containing a greater number of ſtars than in thoſe of 
Mr. FLAMSTEAD, with many of the double ſtars and nebulæ. He alſo pub- 
liſhed, in the ſame work, a catalogue of ſtars, that of FLAMSTEAD being the 
foundation, omitting ſome ftars, whoſe poſitions were left incomplete, and 
altering the numbers of others; to which he has added ſtars from Hzx- 
VELIUSs, M. de la CailLe, MAYER and others. In the year 1776, there 
was publiſhed at Berlin, a work entitled, Recuiel de Tables Aftronomiques, in 
which is contained a very large catalogue of ſtars from HeveLivs, FLAu- 
 8TEAD, M. de la CalLLIE, and Dr BRADLEY, with their latitudes and 
„ longitudes 
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longitudes for the beginning of 1800 ; with a catalogue of the ſouthern ſtars of 


M. de la CAI LIE; —of double ſtars ; — of changeable ſtars, and of nebulous 


ſtars. This is a very uſeful Work for the Practical Aſtronomer. But the moſt 
complete catalogue is that publiſhed by the Rev. Mr. WoLLASs rox, F. R. S. 
m 1789, entitled, A Specimen of 1 General Aftronomical Catalogue, arranged in 
Zones of North Polar Diſtance, and adapted to Fanuary 1, 1790 ; containing a 
Comparative View of the Mean Poſitious of Stars, Nebulæ, and Cluſters of Stars, 


4 they come out upon Calculation from the Tables of ſeveral principal Obſervers. 


By arranging the ſtars into zones parallel to the equator, an obſerver, with his 
teleſcope on an equatorial ftand, will have the ſtars paſs through in the order 
in which he finds them in the catalogue, by which he will more readily find 
out what he wants, being prepared for it's appearance. The firſt Table con- 
tains a catalogue of the mean right aſcenſions of 36 principal ſtars for 
January 1, 1790, as ſettled by Dr. MasxELYNE, with their annual preceſ- 
ſions, and proper motions. The ſecond Table contains the general catalogue 
of all the ſtars whoſe places have been well aſcertained, together with thoſe 
nebulæ and cluſters of ſtars which can eaſily be ſeen by a good common tele- 
ſcope, with their right aſcenſions and north polar diſtances, and their annual 
preceffions ; alſo their magnitudes, | and the number, name or character 
of the object, and by whom it was obſerved. | The third Table contains 
an index to the ſtars in the Britiſh Catalogue ; referring to the zone of north 
polar diftance in which each is to be found. The fourth Table contains an 


index of thoſe ſtars in M. de la CAILLE's: fundamental: catalogue, which are 


not in FLAMsSTEAD's. The fifth Table contains FLamsTEAD's Britiſh 
Catalogue, and M. de la CaritLe's ſouthern catalogue, with about eighty 
circumpolar ſtars from HeveLivs which had been omitted by FLamsTzAap, 
arranged in their order of right aſcenſions in time for January 1, 1790. The 
fixth Table contains a catalogue of the zodiacal ſtars for g* of latitude, arranged 
in their order of longitude for January 1, 1790. The whole concludes with 
a plan for examining the heavens, propoſing that different perſons ſhould 
undertake different zones and examine them very minutely; recommending: 
a ſyſtem of wires in a teleſcope which he has found very convenient for 
that purpoſe. The Practical Aſtronomer is under very great obligations to 


Mr. WoLLASTON for ſo uſeful and complete a Work. 


Ou 


ON THE PROPER MOTION OF THE FIXED STARS; 


On the Proper Motion of the Fixed Stars. 


724. Dr. MA$SKELYNE, in the explanation and uſe of his Tables whick 
he publiſhed with the firſt Volume of his O&ſervations, obſerves, that many, 
if not all the fixed ſtars, have ſmall motions among themſelves, which are 
called their Proper Motions ; the cauſe and laws of which are hid for the preſent 
in almoſt equal obſcurity. From comparing his own obſervations at that time 
with thoſe of Dr. Bxaptey, Mr. FLAaMsTEAD, and M. Ro MER, he then 
found the annual proper motion of the following ſtars in right aſcenſion 
to be, of Sirius - o“, 63, of Caftor — Ol, 28, of Procyon ol, 8, of Pollux — O“, oz, 
of Regulus — O, 41, of Arcturus — 1“, 4, and of a 4 0˙%57; and of Sirius 
in north polar diſtance 1“ 20, and of Arcturus 2”,01 both ſouthwards. - But 
fince that time he had continued his obſervations, and from a catalogue of 
the mean right aſcenſions of 36 principal ſtars (which he communicated to 
Mr. WoLLASTON, and is found in his Work), it appears that 35 of them have 
a proper motion 1n right aſcenſion. 

725. In the year 1756, M. MAYER obſerved 80 ſtars, and compared theny 
with the obſervations of Ro MER in 1706. M. Marx is of opinion, that 
(from the goodneſs of the inſtruments with which the obſervations were made) 
where the diſagreement is at leaſt 10“ or 15”, it is a very probable indication 


of a proper motion of ſueh a ſtar. He further adds, that when the diſagree- 


ment is ſo great as he has found it in ſome of the ſtars, amongſt which is 
| Fomahand, where the difference was 21” in 5o years, he has no doubt of a 
proper motion. Dr. HERSCHETL, following Mayer's judgment of his own, 
and Ro ME R's obſervations, has compared the obſervations, and leaving out 
of his account all thoſe ſtars which did not ſhow a diſagreement amounting to 
110”, he found that 56 of them had a proper motion. From thence he 
attempts to deduce the motion of the ſolar fyſtem in the following manner.. 
726. If the ſun be firſt at &, and then move from & to Cin the line AB, 
a ſtar at 5 would appear to move from à to &; hence if we ſuppoſe BKAL to 
be the ecliptic, any ſtar in the ſemicircle: B KA, ſuppoſing that to be the order 
of the ſigns, will have it's longitude, reckoned from the point to which the ſun 


is moving, increaſed; but a ſtar in the other ſemicircle will have it's longitude,. 


fo reckoned, diminiſhed. Thoſe ſtars which do not lie in the ecliptic would 
have their latitudes altered; thoſe would be increaſed, towards which the ſun 


was moving, and thoſe diminiſhed, from which it was receding. The effect 
will be leſs in proportion as the diſtance of the ſtar is greater, and as it is nearer 


to 4 and B in angular diſtance. Theſe would be the appearances, it the ſtars 


them 
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themſelves were at reſt ; but if any of them be in motion, theſe effects will be 
altered according to their motion compared with the motion. of our ſun. 

Some of them therefore from their own proper motions might deſtroy, or more 

. than counteract the effects ariſing from the motion of the ſun, and appear to 
have motions contrary to what is here deſcribed. Like effects will be produced, 
if our ſyſtem move in any direction out of the ecliptic. Hence, in whatever 
direction our ſyſtem ſhould move, it would be very eaſy to find what effect of 
latitude and longitude would have taken place upon any ſtar by means of a 
celeſtial globe, by-conceiving the ſun to move from the center upon any radius 
directed to the point to which the fun is moving. Dr. Herscnsr deſcribes 
the effect thus. Let an arc of o be applied to the ſurface of a globe, and 
always paſſing through that point to which the motion of the ſyſtem is directed. 
Then whilſt one end moves along the equator, the other will deſcribe a curve 
paſſing through it's pole and returning into itſelf; and the ſtars in the northern 
hemiſphere, within this curve, will appear to move to the north; and the 
the reſt will go to the ſouth. A ſimilar curve may be deſcribed in the ſouthern 
hemiſphere, and like appearances will take place. 

727. Now Dr. HEersCHEL firſt takes the ſeven ſtars before mentioned, 
whoſe, proper motions had been determined by Dr. MAsxELYNE, and he 
finds, that if the point A be aſſumed about the 77 of right aſcenſion, and 
the ſun to move from $ to C, that it will account for all the motions in 
Tight aſcenſion. And if inſtead of ſuppoſing the ſun to move in the plane 
of the equator, it ſhould aſcend to a point near to a Herculis, it will account 
for the obſcrved change of declination of Sirius and Arcturus. In reſpect to 
the quantity of motion of cach, that muſt depend upon their unknown relative 
diſtances; he only ſpeaks here of the directions of the motions. 

— 728. He next takes twelve ſtars from the catalogue of 56, whoſe proper 
motions have been determined from a compariſion of the obſervations of 
Ro MER and Mares, and adds to them Regulus and Caftor ; theſe have all 
a proper motion in right aſcenſion and declination, except Regulus, which >” 
has none in declination. Of theſe 27 motions, the above ſuppoſed motion of 
the ſolar ſyſtem wall ſatisfy 22. There are alſo ſome remarkable circumſtances 

in the quantities of theſe motions. Arfurus and Sirius being the largeſt, and 
therefore probably the neareſt, ought to have the greateſt apparent motion, 
and ſo we find they have. Alſo Arcturus is better fituated to have a motion 
in right aſcenſion, and it has the greateſt motion. Several other agreements 
of the ſame kind are found alſo to take place. But there is a very remarkable 
circumſtance in reſpect to Caſtor. Caſtor is a double ſtar ; now how extra- 
ordinary muſt appear the concurrence, that two ſuch ſtars ſhould both have a 


mum motion ſo exactly. _ that they have never been found to vary a 
| ſingle 
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ſingle ſecond! This ſeems to point out the common cauſe, the motion of 


the ſolar ſyſtem. 


729. Dr. HERSCHEL next takes 32 more of the ſame catalogue of 56 ſtars, 


and ſhows that their motions agree very well with his ſuppoſed motion of the 


ſolar ſyſtem. But the motions of the other 12 ſtars cannot be accounted for 


upon this hypotheſis. In theſe therefore he ſuppoſes the effe& of the ſolar 
motion has been deſtroyed and counteracted by their own proper motions. 
The ſame may be {aid of 19 ſtars out of the 32, which only agrees with the 
ſolar motion one way, and are, as to ſenſe, at reſt the other. According to 
the rules of philoſophizing therefore, which direct us to refer all phænomena to 
as few and ſimple principles as are ſufficient to explain them, Dr. HERScHERL 


thinks we ought to admit the motion of the ſolar ſyſtem. Perphaps, however, 


this argument cannot be properly applied here, becauſe, there is no new 
cauſe or principle introduced by ſuppoſing each ſtar to have a proper motion. 
Admitting the doctrine of univerſal gravitation, the fixed ſtars ought to move 
as well as the ſun. But the ſun's motion, as here eſtimated, cannot be owing, 


to the action of a body upon it which might give it a rotatory motion at the 
ſame time, as M. de la LAxpE conjectures; becauſe a body acting on 


the ſun to give it it's rotation about it's axis, would not, at the ſame time, 
give it that progreſſive motion. See Dr. HERSCHEL's Account in the Pd. 


Tranſ. 1783. 


730. But it will be proper to conſider how far this motion of the ſolar 


ſyſtem agrees with the proper motion of the 35 ſtars determined by Dr. Mas- 
KELYNE, Now upon ſuppoſition that the ſun moves, as conjectured by 
Dr. HERScHEL, that motion will account for the motion of 20 of 
them, ſo far as regards their direction; but the motion of the other 


15 is contrary to that which ought to ariſe from this ſuppoſition. As ſome 
of the ſtars muſt have a proper motion of their own, even upon the hypotheſis 


of a ſolar motion, and which probably ariſes from their mutual attraction, it 


is very probable that they have all a proper motion from the ſame cauſe, but 
moſt of them ſo very ſmall as not yet to have been diſcovered. And it might 
alſo happen, that ſuch a motion might be the ſame as that which would 


ariſe from the motion of the ſolar ſyſtem. Yet it muſt be confeſſed, that the 


circumſtance of Caſtor, and the motions both in right aſcenſion and declination . 


of many of the ſtars being ſuch as ariſe from this hypotheſis, with the apparent 


motion being greateſt of thoſe ſtars which are probably neareſt, form a ſtrong 


argument in it's favour. 


Ou 
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ON THE ZODIACAL LIGHT. 


On the Zodiacal Light. 


731. The Zodiacal Light is a pyramid of light which ſometimes appears in 
the morning before ſun riſe. It has the ſun for it's baſis, and in appearance 
reſembles the Aurora Borealis, It's ſides are not ſtraight, but a little curved, 


it's figure reſembling a lens ſeen edge ways. It is generally ſeen here about 


October and March, that being the time of our ſhorteſt twilight ; for it can- 
not be ſeen in the twilight; and when the twilight laſts a conſiderable time, 
it is withdrawn before the twilight ends. It was obſerved by M. Cass1N1, 
in 1683, a little before the vernal equinox, in the evening, extending along 
the ecliptic from the ſun. He thinks however that it has appeared formerly, 
and afterwards diſappeared, from an obſervation of Mr. J. CniLDrey, in a 
bock publiſhed in 1661, entitled, Britannia Baconica. He ſays, that “ in the 


month of February, for ſeveral years, about fix o'clock in the evening, after 


twilight, he ſaw a path of light tending from the twilight towards the Pleiades, 


as it were touching them. This is to be ſeen whenever the weather is clear, 


but beft when the moon does not ſhine. I believe this phznomenon has been 
formerly, and will hereafter appear always at the abovementioned time of the 


year. But the cauſe and nature of it I cannot guels at, and therefore leave it 


to the enquiry of poſterity” From this deſcription, there can be no doubt 


but that this was the zodiacal light. He ſuſpects alſo, that this is what the 


ancients called Trabes, which word they uſed for a meteor, or impreſſion in the 


air like a beam. PL1xv, lib. II, p. 26, ſays, Emicant Trabes, quos docos vocant. 


Des CAR TEs alſo ſpeaks of a phenomenon of the ſame kind. M. Fart1o 
de DVU1LLIER obſerved it immediately after the diſcovery by M. CAss INI, 
and ſuſpected that it has always appeared. It was ſoon after obſerved by 
M. KIRcH and Fimmarr in Germany. In the year 1707, on April 3, it 
was obſerved by Mr. DE RHAM in Eſſex. Tt appeared in the weſtern part of 
rhe heavens, about a quarter of an hour after ſun ſet, in the form of a pyramid, 
perpendicular to the horizon. The baſe of this pyramid he judged to be the 
ſun, It's vertex reached 15* or 20* above the horizon. It was throughout 
of a duſky red colour, and at firft appeared pretty vivid and ſtrong, but fainteſt 


at the top. It grew fainter by degrees, and vaniſhed about an kour after fun 


fet. This ſolar atmoſphere has alſo been ſeen about the fun in a total ſolar 


eclipſe, a luminous ring appearing about the moon at the time when the eclipſe 
was total. 


732. Let HOR be the horizon, S the ſun 18 below at the end of twilight, 
then will 410 repreſent the appearance and poſition of the zodiacal light ſeen 
Mt 


ON THE ZODIACAL LIGHT. 


at Paris on the laſt day of February, and zge will repreſent the ſame the next 
morning before the beginning of twilight, the ſun being at S/, as determined 
by M. de MArran in his treatiſe De 1 Aurore Boreale. The diſtance SA 
was then about go*, and 10 about 20% The axis AZ, az coincide with the 
ſun's equator, and therefore makes an angle of about 7% with the ecliptic. 
Therefore as the angle which the ecliptic makes with the horizon changes at 
different times of the day, the angle which the axis of this light makes with 
the horizon will alſo be variable. Hence, if we determine the angle which the 
ecliptic makes with the horizon at any time, it will give us the pofition. If 
we ſet a celeſtial globe to the hour, it will ſhow us it's poſition, and through 
what ſtars it will pals, which will therefore direct us very accurately where to 
look for it. Hence it will be moſt viſible, ceteris paribus, when the ecliptic 
makes the greateſt angle with the horizon. On October 6, 1684, M. Fart10 
perceived the point A diſtinctly terminated, the angle of which was 26 3*. 
M. E1MMART obſerved the ſame on January 13, 1694. In 1683, when 
M. Càssixi firſt obſerved it, SA was 50˙ or 60, and 10 about 8* or ge. 
In 1686 and 1687, SA extended from go*® to frog, and 10 was about 209. 
On January 6, 1688, S4 did not appear to be above 45*, but the horizon 
was then filled with fogs, and Venus ſhone very bright. The appearance there- 
fore depends upon the ſtate of the atmoſphere, and fituation of the planets, 
which may produce light enough partly to obſcure it. JO has ſometimes 
been extended to 30%. M. Pix GRE, in the torrid zone, has obſerved SA to be 
120% The thickneſs JO ought to appear different at different times of the 
year, becauſe the earth will be in a different ſituation in reſpect to it's edge. 
733. Let ABC be a ſection of the zodiacal light perpendicular to it's axis, 


T the earth, and TA a line drawn to the higheſt point above the horizon ; 


now the angle $ST'4 having been obſerved greater than go*, ST muſt be 
leſs than SA, or the light muſt extend to a diſtance from the ſun, greater 
than the earth's diſtance. Hence when the earth is about the nodes of this 
light, or the points where the plane ABC interſects the ecliptic, it will be 
immerſed in this zodiacal light, or, as it is alſo called, the ſolar atmoſphere. 
M. de MA1RAN thinks the Aurora Borealis depends upon this. 


734. M. Faro conjectured, that this appearance ariſes from a collection 


of corpuſcles encompaſſing the ſun in the form of a lens, refleCting the light 
of the ſun. M. Cassini ſuppoſed that it might ariſe from an infinite 
number of planets revolving about the ſun ; ſo that this light might owe it's 
exiſtence to theſe bodies, as the milky way does to an innumerable number of 
fixed ſtars. It is now however generally ſuppoſed, that it is matter detached. 
from the ſun by it's rotation about it's axis. The velocity of the equatorial 
parts of the ſun being the greateſt, would throw the matter to the greateſt * 
1 an 
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and on account of the diminution of velocity towards it's poles, the height 
to which the matter would there riſe would be diminiſhed ; and as it would 
probably ſpread a little ſideways, it would form an atmoſphere about the ſun 
ſomething in the form of a lens, whoſe ſection perpendicular to it's axis would 
coincide with the ſun's equator. And this agrees very well with obſervation. 
There is however a difficulty in thus accounting for this phænomenon. 
It is very well known, that the centrifugal force of a point of the ſun's equator 
is a great many times leſs than it's gravity. It does not appear therefore, how 
the ſun, from it's rotation, can detach any of it's groſs particles. If they be 
particles detached from the ſun, they muſt be ſent off by ſome other unknown 
force; and in that caſe they might be ſent off equally in all directions, which 
would not agree with the obſerved figure. The cauſe is probably owing to 
the ſun's rotation, although not immediately to the centrifugal force ariſing 
therefrom, 'y ET We” HM | 
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o THE LONGITUDE OF PLACES UPON THE SURFACE OF THE EARTH. 


* 


Art. 7 35. „ e ſituation of any place upon the earth's ſurface is 
determined from it's latitude and longitude. The latitude 

may be found from the meridian altitude of the ſun, or a known fixed ſtar ; 
from two altitudes of the ſun, and the time between; and by a variety of other 
methods. Theſe operations are ſo eaſy in practice, and opportunities are ſo 
continually offering themſelves, that the latitude of a place may generally be 
determined, even under the moſt unfavourable circumſtances, to a degree of 
accuracy ſufficient for all nautical purpoſes. But the longitude cannot be fo 
readily found, PHILI III. King of Spain, was the firſt perſon who offered 
a reward for it's diſcovery; and the States of Holland ſoon after followed his 
example, they being at that time rivals to Spain, as a maritime power. 
During the minority of LEwIS XV. of France, the regent power promiſed a 
great reward to any perſon who ſhould diſcover the longitude at fea. In the 
time of CHARLES II. about 1675, the Sieur de St. PIERRE, a Frenchman, 
propoſed a method of finding the longitude by the moon. Upon this, a 
commiſſion was granted to Lord Viſcount BRovxnkEx, preſident of the Royal 
Society, Mr. FLAMSTEAD, and ſeveral others, to receive his propoſals, and 
give their opinion reſpecting it. Mr. FLAMsTEAD gave his opinion, that if 
we had Tables of the places of the fixed ſtars, and of the moon's motions, we 
might find the longitude, but not by the method propoſed by the Sieur de 
St. PIERRE. Upon this, Mr. FLAMSTEAD was appointed Aſtronomer Royal, 
and an Obſervatory was built at Greenwich for him; and the inſtructions to 
him and his ſucceſſors were, „that they ſhould apply themſelves with the 


utmoſt care and diligence to rectify the Tables of the motions of the heavens, 


and the places of the fixed ſtars, in order to find out che ſo much defi red 
longitude at ſea, for the perfecting of the art of navigation.” 

736. In the year 1714, the Britiſh Parliament offered a reward for the 
diſcovery of the longitude ; the ſum of £.10000, if the method determined the 
longitude to 1 degree of a great circle, or 60 geographical miles; of £.1 5000; 
if it determined it to 40 miles; and of £.20000, if it determined it to 30 
miles, with this proviſo, that if any ſuch method extend no further than to 


80 miles adjoining to the coaſt, the propoſer ſhall have no more than half ſuch 
TTYA rewards, 
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rewards.® The Act alſo appoints the F irſt Lord of the Admiralty, the 
Speaker of the Houſe of Commons, the Firſt Commiſſioner of Trade, the 


Admirals of the Red, White, and Blue Squadrons, the Maſter of the Trinity 
Houſe, the Preſident of the Royal Society, the Royal Aſtronomer at Greenwich, 


the two Savilian Profeffors at Oxford, and the Lucaſian and Plumian Profeſſors 
at Cambridge, with ſeveral other perſons, as Commiſſioners for the Longitude 


at Sea, The Lowndian Profeſſor at Cambridge was afterwards added. After 


this Act of Parliament, ſeveral other Acts paſſed in the reigns of GEOROE II. 
and III. for the encouragement of finding the longitude. At laſt, in the 


year 1774, an Act paſſed, repealing all other Acts, and offering ſeparate 


rewards to any perſon who ſhall diſcover the longitude, either by the lunar 
method, or by a watch keeping true time, within certain limits, or by any 
other method. The Act propoſes as a reward for a time-keeper, the ſum of 
C. 5000, if it determine the * to one degree, or 60 geographical miles; 
the ſum of £.7 500, if it determine the ſame to 40 miles; and the ſum of 
£.10000, it it determine the fame to 30 miles, after proper trials ſpecified in 
the Act. If the method be by improved ſolar and lunar Tables, conſtructed 
upon Sir I. NREwrox's theory of gravitation, the author ſhall be intitled to 
C. sooo, if ſuch Tables ſhall ſhow the diſtance of the moon from the ſun and 
ſtars within fifteen ſeconds of a degree, anſwering to about ſeven minutes of 
longitude, after making an allowance of half a degree for the errors of obſer- 
vation. And for any other method, the ſame rewards are offered as thoſe for 


the time-keeper, provided it gives the longitude true within the ſame limits, 


and be practicable at ſea. The commiſſioners have alſo a power of giving 


ſmallec rewards, as they ſhall judge proper, to any one who ſhall make any diſ- 
covery for finding the longitude at ſea, though not within the above limits. 


Provided however, that if ſuch perſon or perſons ſhall afterwards make any 


further diſcovery as to come within the above-mentioned limits, fuch ſum or 


ſums as they may have received, ſhall be conſidered. as part of ſuch greater. 
reward, and deducted therefrom accordingly.  _ 
737. After the deceaſe of Mr. FLAMsTEAD, Dr. Haar, who was ap- 
pointed to ſucceed him, made a ſeries of obſervations on the moon's tranſit 
over the meridian, for a complete revolution of the moon's apogee, which 
obſervations being compared with the places computed from the Tables then 
extant, he was enabled to. correct the Tables of the moon's motion. And 
as Mr. HaDLEX had then invented an inſtrument by which altitudes could be 
taken at ſea, and alſo the Pon: 8 Ane from the ſun or a fixed ſtar, Dr. 
3 HALLE x 
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HarLzy ſtrongly recommended the method of finding the longitude from 


fuch obſervations, * having found from experience the impracticability of all 


other methods, particularly at ſea. 
738. To diſcover the longitude of any place from Greenwich, we muſt be 


able to aſcertain the time at that place, and compare it with the time at the 


ſame inſtant at Greenwich. The methods which have been propoſed to effect 
this are — By the moon's diſtance from the ſun. or a fixed ſtar By the moon's 
tranſit over the meridian compared with that of a fixed ſtar — By the occul- 


tation of a fixed ſtar by the moon — By a ſolar eclipſe — By a time-keeper —- 


And by an eclipſe of the moon, or of Fupiter's ſatellites. 


By the Moon's Diſtance from the Sun or a Fixed Star. 


739. Dr. MAsKELYNE, our preſent Aſtronomer Royal, in his two voyages, 


one to St. Helena, and the other to Barbadoes, proved the utility of this 
method of finding the longitude at ſea; and which he very fully explained in 
a Treatiſe, entitled, The Briti/h Mariner's Guide. But the great labour and 
nicety of the calculations ſeemed to be a material objection to it; 1 particularly 
the calculation of the moon's latitude and longitude, which are neceſſary to 
compute it's diſtance from the ſun or a fixed ſtar. To facilitate this, and 
many other parts of the computation, Dr. MAsKELYNE propoſed the publi- 
cation of the Nautical Almanac, in which, amongſt a great many other things, 
the moon's true diſtance from the ſun or proper fixed ſtar is put down for every 


three hours; ſo that it's diſtance at any other time may be found by only one 


proportion. Another requiſite was, an eaſy practical rule for finding the true 
diſtance of the moon from the ſun or a ſtar from their apparent diſtance and 
altitudes. Dr. MAsKELVNE gave a practical method of doing this, in the 
above-mentioned Work, and afterwards he improved it. The firſt Nautical 
Almanac was publiſhed in 1767, in which are given two other methods of 
finding the moon's true diſtance from the ſun or ſtar from their obſerved 


diſtance, 


® The idea of finding the longitude by the moon, was firſt thought of by Joux WERNER of 
Nuremberg, in 1514; it was afterwards recommended by PETER Apian, in 1524; and by 
Oroxce Fine, and Gemma FRIs Ius; the latter of whieh propoſed to find the place of the 
moon at any time, by obſerving it's diſtance from a fixed ſtar, and then to calculate the time when 


the moon ought to be at that diſtance, by which you will have the difference of the meridians 
of the place of obſervation and the place for which the calculation was made. KE LER alſo 
mentioned this as an excellent method of finding the longitude, and after him LoncomonTanus; 


But without correct Tables of the moon's motions, and proper inſtruments to meaſure it's s diſtance- 


from a fixed ſtar, this method could not be put in b 
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diſtance, . one by Mr. Leone and the other by Mr. Dux THORXE. In the 
Requiſite Tables theſe two methods are improved. Another method is alſo 


given by Mr. W1TtCHELL in that Work, Various other methods have been 
Alſo given. For the {ame purpoſe, a ſet of Tables were publiſhed by order 
of the Board of Longitude, containzng the corrections for refraction and 
-parallax to every degree of the moon's diſtance from the fun or a fixed ſtar, 


and for every degree of altitude of each, under the care of Dr. Sazenza, 
the late Plumian Profeſſor of Aſtronomy and Experimental Philoſophy, at 
Cambridge. They were computed by Mr. Lyons, Mr. PARK IxS cx, and 
Mr. WILLIAus. The objection to the direct method of ſolving this problem 
was, partly from the length of the operation, and partly from the tediouſneſs 
of proportioning to find the logarithms to ſeconds. But ſince the publication 
of Mr. TAvLOR's Logarithms, this latter objection is taken away. 


740. The ſteps by which we find the longitude by this method, are theſe; 


From the nd altitudes of the: moon and the ſun or a ned ar, and 


| their obſerved diſtance, compute the moon's true diſtance from the fun 
or ſtar. — 


From the Nautical Almanac find the time at Greeenwich when the moon 


was at that diſtance. 


From the altitude of the ſun or ſtar, find the time at the place of 
obſervation. 


The difference of the times thus found, gives the difference of the 


a ; 


741. 10 find the true diſtance of the moon from the ſun or Rar hy | 
obſervation, let Z be the zenith, S the apparent place of the ſun or a ſtar, 
the true place, M the apparent place of the moon, m it's true place; then 


in the triangle ZM, we know SM the apparent diſtance, SZ, SM the com- 


plements of the apparent altitudes, to find the angle Z; and then in the 
triangle Z m, we know the angle E, and 5Z, m the complements of the true 
altitudes, to find m the true diſtance. But the problem may be otherwiſe _ 


you thus. 


coſ. ZT coſ. SM 


742. By ſpherical Trigonometry, ver. fin. 42 *r 25 x fim. 2 M 


„ col. Z5=Zm—col. 
125 ——— . bot if 4 $M+3 . ZT-ZM=4, 18M 


7 S — 2 B, then * plane Trigonometry, col. Z$—ZM- coſ. S M = 


2 ſin. 
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2 ſin. A x fin. B+ fin. Z 


2 ſin. A * fin. B | as; 
; ond hence, col. em Scoſ. 2. Zn — n * 2 
X IT . Now the ninth of the Requiſite Tables gives the arithmetic com- 


plement of the difference between the logarithmic fines of ZM and Zm, increaſed 
by 120; for at all altitudes above 25, this number is uniformly the difference 
between the logarithmic fines of Zs and Z S for all celeſtial objects not affected 
by parallax. At altitudes leſs than 25 this uniformity ceaſes, and the diffe- 
rence between the fines is leſs than 120 by the numbers in Table XI. for a ſtar. 9 
But for the ſun, which is ſenſibly affected by parallax, the difference between | 7 
the ſines is leſs than 120 by the numbers in Table X. In theſe caſes therefore 
the logarithm in Table IX. muſt be diminiſhed by the numbers contained in 
Tables X, or XI. Hence we have the following Rule. 
To log. 2 add the log. ſines of A and B, alſo the log. from the ninth of the 
Requiſite Tables, corrected if neceſſary by Table X, or XI. and reject 20 from 
the index, and find the natural number correſponding, the difference between 
which and the natural coſine of the difference of the true zenith diſtances, gives 


the natural coſine of the true diſtance required. 


— 


Ex. Suppoſe, on June 29, 1793, the ſun's apparent zenith diſtance Z $ 
was obſerved to be 70. 560. 24”, the moon's apparent zenith diſtance Z M 

to be 48. 53“. 58”, their apparent diſtance SM to be 103®. 29/. 27”, and the 
moon's horizontal parallax to be 58“. 35”; to find their true diftance gm. : 


By Requiſite Table VIII. the correction Mm for the moon's parallax and 


_ refraction is 43“. 3”, and by Table I. and III. the correction Ss for the ſun's 
parallax and refraction is 2“. 36"; hence Z m 48*. 10'. 55", and Z= o. 59... 


Flo BM... ., = .035 3-420 


| Therefore, 1.ZS—ZM „„ 
ISM . . 51. 44. 43 


Therefore, f-- 5 + + +» © OY. 45. 36 
8. +: ++ <->... 40: 43+ $0. 


Alſo | 


820 


METHODS or PINDING THE LONGITUDE. 
Alſo Zs * „ | Cc . * . . » id * = 70®, 59. of” 
Zm „ 48. 10. 55 
Therefore 25 Zm 5 . . -. » . . = 22. 48. 5 


1 


— 2 —_— 


Hence we have the following operation, according to the rule, to find the 


true diſtance of the ſun from the moon. 


Log. e ee eee 
Log. fin. 4 . . » - : ut 909489708 
. 2 9,8145333 


+ Log. from * Tab. IX. 09535 4 


= — 


a 2 7] 9,9953070 


——_— 


10,059841 Nat. Numb. 1147741 


— 


Natural coſine 220. 48. 55. 921854 


Natural coſine 77 ²(Üvlʒa *r 


1 
— —— 
4 


The radius to the Table of natural fines and coſines to fix figures is 
1000000, and the index to the log. for the radius in the Tables of log. fines, 
coſines, &c. is 10; in this caſe therefore, an index 10 points out 7 places of 


whole numbers, and conſequently an index 9 points out 6 places, &c. When 


the natural coſine of Z5s— Zm. is leſs than the natural number ſtanding above 
it, the difference gives the natural coſine of an arc above go?, as in this caſe; 


| otherwiſe the arc is below 90. In this method there is no diſtinction of caſes, 


and it only requires three logarithms and one natural cofine to be taken cor- 
reſponding to a given angle, one natural number correſponding to a logarithm, 
and an arc correſponding to a natural coſine; Mr. Dux TRHORRE's method 
was by natural coſines, and required only the ſame number of quantities to 
be taken; but Dr. MAs&ELYNE has deduced from it the following method of 


computing by Jogunith ms only. 


743. By the laſt Article, coſ. mg coſ. . col. 25. ZM- IT SM | 


fin. Zm fin. Zs „ ſin. Zm 
* fa Zl fn. Z 5 put Z- En, ASA, Ne Sn. ZIT x 


25 # = 0 ya col. SM x A; then coſ. ms = coſ. H- A. Now 


col. 
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col. 3 'ms* =3 +43 coſ. ms=} +F col. H- 4; let 4 A be the ſquare of the 
fine of an arc 4 B, then fin. JB = coſ. T- col. SM x 9 ſin. 4 SM+3h 
x fin. = x N, hence the arc B is known. But 4 coſ. B 
tin. } B ={— 1 A; hence col. 1 ms = coſ. B cof. HS coſ. EB+3H x 
col. 4 1B H. Flence we have the following Rule. 


Add 6 A log. ſine of 4 801. diſt. +F diff. of app. alt*. log. fine of 
X obl. diſt. — 3 diff. of app. alt*. and arith. comp. of & taken from Requiſite 
Tables IX. and X. or XI. as the caſe may require, and ſubtra& 10 from the 
index, divide the ſum by 2, and you have the fine of 4 B. hes 

Add log. coſ. 4 B+Z diff. of true alt*. to log. col. 4 - + diff. of true alt. 
* half this 1 and you get the s coſine of half the true diſtance. 


To apply this to the laſt Example we have, 


J Obſ. af. 6; 62%. 45. 56% 
2. ZS ZM 11. 1. 13 


2 Sum . 62. 45. 50 I + +» log. fine 9,9489713 
4 Diff. . 40. 43. 40 1 log. ſine 9, 8 145346 
— Los: from Tab. IX. & x. ——.25370 e 


2) 19,7588 129 


122 -. „„ . log. ſin. 9, 8794064 
1.25 — Zs- Zu 11. 24. 2 4 ä —— 


Sum 60. 38. 7 1 : . 9,6903418 
Difference 37. 50. 50 + + + - Col. 9,8974344 


2)19,5877762 | 


27277 ·ĩꝛ 5 ME ama: 


—_ 


Hence the true diſtance is 1030. 3“. 18”. 
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As we have now logarithmic Tables to every ſecond of the quadrant, this 
is a conſiderable improvement upon Mr; DvuxnTHoRNE's rule. There is alſo 


no diſtinction of caſes in this, which there is in Mr. Dux THORNE's method. 


As we deduce, by this rule, half the true diſtance, it is manifeſt, that any error 
in the ſeconds will be doubled in the true diſtance; upon that account we 
were obliged to take in the half ſeconds, for if we bad not, the half diſtance 
would. have come out 531. 31. 38”, and conſequently the true diſtance would 
have been found 103ꝗ%.f J. 16”. This is a circumſtance very neceffary to be 
attended to in all the rules that firſt give half the true diſtance. 

This laſt Rule may be applied without the Requiſite Tables, by confidering, 


that the logarithms taken from Tables IX, X, or XI. in that Work, give 


the arithm. complem. of 2 1 24 „ which quantity may be taken 
from the logarithmic Tables, by adding to the log. ſines of Zm, Zs, the arith. 
comp. of the log. fines of Z M and Z 5, and ſubtracting 10 from the. index. 
If we apply this to the laſt Example, we have, | 


i 


Zm =48*. 10. 55 . . . fin. 9,8723113 | 
ZM=48. 53. 58 . . . . 0,1228839 arith. comp. of ſine. 


Zs Jo. 59, © in. 9,9756265 
28 = 70- 56. 4 o, 244868 arith. comp. of fine. 


9,9953088 


This differs a little from the number taken from the Requiſite Tables, 
which gives only ſix figures. It would indeed lengthen the work a little to 


take this quantity from the logarithmic Tables, but it would add to the 
accuracy. But the moſt complete Rule is that given by Dr. MASKELYNE, 


in his Preface to the. Tables of Logarithms by Mr. TarYLoR, in which thoſe 


Tables only are requiſite; and it is certainly beſt to uſe as few auxiliary Tables 
as 2 as, . that means, you ſubject the ee to fewer n. errors. 


rr 


744. Dr. Mask ELYNE's Rule for clearing the moon's apparent diſtance | 


from a ſtar or the ſun from the effect of parallax and refraftion. 


I. To the log, fine of the moon's. horizontal parallax add the log. cofine 
of the moon's apparent altitude, uſing five decimal places of the loga- 
rithms; the ſum, abating 10 from the index, is the log. fine of the moon's 
parallax in altitude, from which ſubtract the moon's refraction taken with the 


moeon's apparent atnude out of Table I. (Requiſite Tables) and you will have 


the 


\ 


METHODS Or FINDING THE LONGITUDE. 


the correction of the moon's altitude. Add this to the moon's apparent 


altitude, and you will have the moon's true altitude. Alſo with the ſtar's 


apparent altitude take the ſtar's refraction out of Table I. which ſubtract from 
the ſtar's apparent altitude, and you will have the ſtar's true altitude. But 
if the moon's diſtance was obſerved from the ſun, with the ſun's apparent 
altitude take the refraction out of Table I. and it's parallax out of Table III. 
and take the difference, and ſubtract it from the ſun's apparent altitude, and 
you will have the ſun's true altitude. Take the difference of the true altitudes 
of the moon and ſtar, or moon and ſun, and the difference of their b 
altitudes. 

II. Take half the ſum and half the difference or the * diſtance and 
difference of the apparent altitudes. 

III. To the log. fines of the above half ſum and half difference add the 
log. cofines of the true altitudes, and the arithmetical, complements of the 
log. coſines of the apparent altitudes ; and take half the ſum. 

TV. From this half ſum take the log: ſine of .half the difference of the true 
altitudes, and look for the remainder among the tangents, and take out the 
correſponding log. coſine, without taking out the arc, which is unneceſſary. 

V. Subtract the ſaid log. coſine from the log. fine of half the difference of 
the true altitudes increaſed by 10 in the index; the remainder will be the log. 
ſine of half the true diſtance. 


DeMonsTRATION. Put ZS ZM = X, Z. Z nx, D=SM, d=sm; 
now by Art. 742. ſin. Z & x fin. ZM: fin. Zs x fin. Zm :: col. X— col. D 
: cof. x — coſ. d, or ver. fin. d- ver. fin. x; but by plane Trigonometry, 


coſ. X- coſ. D=2 x ſin. +2 x fin. == and ver. fin. d= ver. ſin. x = 


2. fin. 14 —2 x fin, J * 1. 3 fin. ZS x fin. ZM : fin. Zs x ſin. "Ta 
1 DTX D — X 
2 2 


X fin. 


: fin. 3 I — fin. F x *, conſequently 


| D+X 1 - 
nah ot does wifes 5 


—1, which put = 


ſin. Z S x fin. ZM x lin. 2 * fin. * 
[hs te. Z5 x fin, Zm x fin. ED x fin. et 


* ZS x lin. ZM x fin. 2 x 


u—_—_— 
— . — —ᷣ—2 2 — , ; 9 


ſin. * 
fin. 1 = ps 


ITE EXAMPLE 
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EXAMPLE I. 
Suppoſe the apparent altitude of & to be 245. 480, that of ) *s center 12%, 300, and 


the apparent diſtance of & from ) i center 51*. 28. 35% and ) 's hor, par. 56. 15"; 
required the true diftance of & from ) 's center, cleared of refraction and parallax. 


d 's apparent altitude x2 


v 's horizontal parallax | 
V 's parallax in altitude 
v 's refract. from Req. Tab. I. — 


30. o“ Log. coſine 9,989 58 
3 iz Tine. 8,21383 
54. 55 Log. ſine 8,2034 1 


8 pg £5 

Correction of 's altitude + 50. 42 
os apparent altitude 51%. 0: 

v 's true altitude . 13. 29. 42 L 

* s apparent altitude . . 24. 48. © 

Refraction from Table I . — 2. 3 

* *'s true altitude 1 24. 45. 57 

» 's true altitude 13. 20. 42 

Diff. of true alt*, of v and 11 25. 15 

* s apparent altitude 24. 48. 0 

v *s apparent altitude 1a. 30. 0 

Diff. of app. alt. of Y and * 12. 18. 0 

o — menen 

Sum 5 63. 46. 35 | 

Dane 39. 10. 35 9895 
l © ae , 31. 53. 17 Log. fine .- . 9, 7228488 
Half difference . . . . 19: 35. 17 Low. fine «- . 995253755 
v 's apparent altitude . . 12. 30. o Co-ar, log. cofine . 0,010418 5 
2 s true altitude . . 13. 20. 42 Log. coſine . 9,9881119 

* 's apparent altitude 24. 48. 0 Co-ar. log. coline . 0,0420206 
#'s true altitude . 24. 45. 57 Log. coſine . 9,9580990 

2)39,2468743 
e e e hogs | 19,6234371 
Half differ. of true altitudes 5. 42. 371 Log. ſine 8,9978159 
| f Log. tang. of arc 10, 62 562 12 

SH | e | Correſp. Iog. coſine 9, 3625337 
Half true diſtance . IE” 26. 34. 9,6352822 


54+ Log. ſine 
A 


True diſtance . . 


4 


9. 49 


EXAMPLE II. 


Let the apparent altitude + 
their apparent diſtance go?. 
required MG true diftance of G 


Half true diſtance 


%%% h 5 of, 


- . 44. 44. 361 Log. ſine 


D's neg. 17, that of © 84. 7, 48 
13“%u and )'s horizontal en, 615 453 
and d. 


'Þ % didlo! pariliax* 7 12%: 1 a8" Log. fine | 8,25469 
des apparent altitude 5. 17. © Log. coſine . 9,9981 5 
5 's parallax in altitude ads, Hs 32 Log. fine 8,25284 
bs refraction from Tab. IJ. — 9. 28 .ꝙ 3 
Correct. of 5 's altitude . . + WEL 5 
D 's apparent altitude . |. 5. 17. 0 85 
eee 7% 9. 4 
O 's apparent altitude .- . 84. 7. 0 
Diff. of refraction and parallax — o. 5 
© 's true altitude . oo. "6:65; 7 
» s true altitude 1 6. 9. 4 
Diff. of true alt*. of © and » 27.57. 51 
©'s apparent altitude .. +0. 84. 7. * 55 of 
vis apparent altitude . 0 WP 
Diff. of app. alt*. of © and 5 78. 50. 0 
Apparent diſtanee 90. 21. 13 
EWA. Og 1 +785 
Difference ee eee 99 N 
Har Tum A B46 24.736 1 Las. fas 979980635 
Half difference .. .. . .. .. 5. 45. 36 Log. ſine 950015681 
» 's apparent altitude .. . 5. 17. 0  Co-ar. log: cofiae . 0,0018490 
» 's true altitude 6. 9. 4 Log. coſine 99974924 
© 's- apparent altitude 84. „ Co: ar. log. coſine . 0,9892626 
© 's. true altitude .' . .. » 84+ 6. 55 Log. coſine . 9,0108395 
„„ 2)38, 9990751 
. 5 2 19, 4995375 
; Diff. of true alt of ) and © 38. 58. 55 Log. ſine 957987027 
| | Log. tang, of arc . 9,7008348 
Correſp. log. coſine 9,951 1707 


92 98475320 


2 


89. 29. 13 
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745 The true diſtance of the moon from the ſun or ſtar being thus found, 
we are next to find the time at Greenwich. For this purpoſe, the fun or ſuch 
fixed ſtars are choſen, as lie in or very near the moon's way, fo that looking 
upon the moon's motion to be uniform for a ſmall time, the moon may be 
conſidered as approaching to, or receding from the ſun or ſtar uniformly. 
To determine therefore the time at Greenwich correſponding to any given true 
diſtance of the moon from the ſun or ſtar, the true diſtance is computed in the 
Nautical Almanac for every three hours for the meridian of Greenwich. 
Hence, conſidering that diſtance as varying uniformly, the time correſponding 
to any other diſtance may be thus computed. Look into the Nautica! Almanac 
and take out two diſtances, one next greater and the other next leſs than the 
true diſtance deduced from obſervation, and the difference D of theſe. diſtances 
gives the acceſs of the moon to, or receſs from the ſun or ſtar in three hours; 
then take the difference d between the moon's diſtance at the beginning of that 
interval and the true diſtance deduced from obſervation ; - and then ſay, 
D: d:: 3 hours: the time the moon is acceding to, or receding from the 
ſun or tar by the quantity 4; which added to the time at the beginning of the 
interval, gives the apparent time at Greenwich, correſponding to the given true 
diſtance of the moon from the ſun or ſtar. To find the fourth term in the 
above proportion, there is, in the Requiſite Tables, a Table of proportional 
logarithms, where the log. of 3 hours is made =o, and therefore the log. of 
the fourth term is found by ſubtraction only. The ſame Table will ſerve, if 
one of mw terms be three — inſtead of three hours. 


Ex. On June 29, 1793, .in latitude 52, 120. 3 5" the ſun's altitude in the 
morning was Bd obſervation 199®, 3'. 36”, the moon's altitude was obſerved to 
be 41%. 6“. 2”, the ſun's declination. at. that time was 23%. 14. 4, and the 
ee horizontal 8 _ 3 5'; to find ms apparent time at Greenwich. 
Te dif. of « from o by Art. 744. 8 18 35 287 * 
ys Alm. ey oy - . 103. 4. 58 
— ——— at 64. 101. 26. 42 


— — 


O. 1. 40 pr. log. 2,0334 
a 1. 38. 16 Pr. log. o, 2629 


Time of approaching - -\s i - | OR i 
Beginning of the intervall. 3 


— — 
2— 


Apparent time at Greenwich, June 29, ' 3. 3. 3 


3. 3 Pr. log. 1,770 
O0. 0 


— 


746. Now 
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746. Now to find the apparent time at the place of obſervation, we have 
the ſun's declination 23% 14. 4”, it's altitude 19%, 3“ 36", it's refraction 


2/. 44“, and parallax 8”; hence it's true altitude was 192. 1', and therefore 


it's true zenith diſtance was 70%. 59'; alſo the ono of declination was 
662 45. 56“ hence by Art. 972797 


66˙ as. 56” . + . arith. comp. fin. o, 6367325 
37. 47. 557. . Aarith, comp, fin. o, 2 127004 
e S6. 24 hn 130 | 


175: 29. 45 


87. 44. 52 0 3407. . R 9,9996644 


5 48. 8 I. 9,4607406 


2279.762387 


978 546190 the co- 
ſine of 442. 18“. 520 „which doubled gives 88*. 3. 44” the hour angle from 
apparent —_ which; in time gives 5h, 54. 31” the time before apparent noon, 
or 18h, 5. 290 on June 28. Hence, ‚ | 3 : 


| Apparent time at place of obſerv. June 28, . 185. 5. 29% 
— i Greenwich June 29. 3. 3- 3 


Difference of meridians in time . . .. 8 57- 34 


Wich 5 1 degrees gives 12 3 500. 16” the longitude of thg 
place of obſervation weſt of Greenwich. 


If a ſtar be obſerved, find the time by Art. 106. The ſun's declination | is 
firſt taken from the Nautical Almanac, and then corrected by Req. Tab. VI. 
If a ſtar be obſerved, take it's declination from Requſite Table VII. The 
longitude being nearly known by account, will be futhciently exact to enter 
Table VI. with. 
747. In order to apply this method of finding the longitude, three obſervers 
are convenient, two to take the altitudes of the moon and fun or a ſtar, and 
- one to take their diſtance ; the latter muſt be taken with great care, as the 


determination of the true diſtance depends principally upon that, a ſmall error 
ek Ny in 
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in the altitudes not ſenſibly affecting it. If a ſingle obſerver ſhould want to 
apply this method, he may do it with 4 very conſiderable” degree of accuracy 
in the following manner. Let him firſt take the altitude of the moon and then 
of the ſun or 25 his aſſiſtant noting the times; then let him take ſeveral 
diſtances of the moon from the ſun or ſtar at one or two minutes diſtance of 
time from each other, and note the times; and laſtly, let him again take the 
altitude of the moon and then of the ſun. or. ſtar, noting the times. Then 
taking the mean of all the diſtances, and. the mean of the times when they were 
taken, he will have the moon's diſtance from the ſun or ſtar at that mean 
time. Take the difference of the moon's altitudes at the two obſervations, and 
the difference of the times, and then ſay, as that difference of times, is to the 


difference between the time of the firſt obſervation of it's altitude and the 


mean the times at which the diſtances were taken, ſo is the variation of the 
moon's altitude between the firſt and ſecond obſervations, to the variation of 
it's altitude from the time of the firſt obſervation to the above mean time, 
which added to or ſubtracted from it's firſt obſerved altitude, according as the 
moon aſcends or deſcends, gives it's altitude at that mean time. In the ſame 
manner he may get the ſun's or ſtar's altitude at the ſame time. Thus he may 
get the two altitudes and the correſponding diſtance. 
748. In general, the altitudes of the ſtars at ſea are too uncertain for finding 
the time ; they may do in a fine ſunimer's night, or in twilight; and if the 
ſun be uſed, it may be ſo near the meridian, or the horizon may be ſo hazy 
and ill · defined, that the altitude cannot be determined with ſufficient accuracy 


to deduce the time from it, although it may be ſufficiently exact to calculate 
their true diſtance. In this caſe, the obſerver muſt be careful to find the error of 


his watch by ſome altitude taken near to the time of obſervation, by which he 
may correct the time ſhown by the watch at the time of obſervation. But as, 
in this caſe, the watch ſhows the time at the meridian under which the altitude 
2 the ſun or ſtar was taken in order to correct it, the longitude thus found 

that under which the watch was regulated, and not that where the diſtance 
of the moon from the ſun or ſtar was obſerved. If the watch cannot be 
depended upon to keep time tolerably well for a ſmall interval, the error of 
the watch muſt be found at two obſervations, from which you get it's rate of 
going; by this means you may determine the time very accurately. If this be 
done at ſea, the altitude at the ſecond obſervation muſt be reduced to the altitude 


at that time at the place of the firſt obſervation ; the method of doing which 


is as follows. Let T be, the place on the earth to which the fun was vertical 


at the firſt obſervation, E the place of a ſpectator at the firſt obſervation, ZY 


or ZV,. the diſtance run between the obſervations, then 77 or TY' would have 
been the zenith diſtance at che firſt obſervation, if it had been made at the 
place 
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place where the ſpectator was when he made the ſecond obſervation ; draw 
Vu, iu, perpendicular to Z T; and then, as the angle T is ſmall, TP is very 
nearly equal to 7, and 7 to , and therefore they may be conſidered 
as. reſpectively equal; hence Z V, ZH may be conſidered as the difference 
of the zenith diſtances, iucregſing the diſtance in the former caſe, and decreaſing 
it in the latter. To find which, obſerve the angle VZT or VZ between the 
ſhip's courſe and the ſun's bearing; and then in the right angled plane * tri- 
angles YZW, V*ZW, we know all the angles, and the fide ZY or ZV, the 
obſerved diſtance run by the ſhip, to find ZF or Z M., which muſt be reduced 
into degrees at the rate of 69 miles for a degree. Or the ſame thing may 
be done by the Traverſe Table, which is a Table ready calculated to take out 
theſe quantities at once. 


749. The obſerver ſhould be i with a good 1 LEY'S Quadrant : 


to obſerve the altitudes and diſtance. Great care muſt be taken to examine 
the error 'of adjuſtment as near to the time of obſervation as poſſible, as it is 
very liable to alter. Altitudes ſhould not be taken nearer the horizon than ;* 
or 6e, on account of the uncertainty of refraction at lower altitudes. The 


principal obſeryer is he who takes the diſtance; and as ſoon as he has completed 


his obſervation he muſt give notice to the other two obſervers, who ought to 
complete their obſervations as ſoon as poſſible, at leaſt within a minute. Note 
the time alſo by the watch when the ſun's or ſtar's altitudes were taken, by 
which, and the eſtimated longitude at the place of obſervation, you will have 
nearly the time at Greenwich, which is neceſſary in order to get the ſun's 
declination at the time of obſervation, in order to compute the time. A full 
account of the adjuſtments and uſes of HapLEY's Quadrant, may be ſeen in my 
Practical Aftronomy. 

750. The accuracy of this method of finding the longitude was eſtabliſhed 
by Dr. MAsKELYNE from his own experience in two voyages, one to 
St. Helena, and the other to Barbadoes, by the following irrefragable proofs. 
1. On the near agreement of the longitude inferred by his obſervations, made 
within a few days or hours of making land, with the known longitude of ſuch 
land. 2. From the near agreement of the longitude of the ſhip from obſer- 
vations made on a great many different days near to one another, when con- 
need together by the help of the common reckoning. 3. From the near 
agreement of the longitude of the ſhip, deduced from obſervations of ſtars on 
different ſides of the moon, taken on the ſame night. For here, all the moſt 
probable kinds of error, whether ariſing from a faulty diviſion of the limb of 
the inſtrument, a refraction of the ſpeculums or dark glaſſes, a wrong allowance 

for 


The triangles may be conſidered as plane, on account of the ſmall diſtance run by the ſhip, 
þ Þ Þ «+ 
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for the error of adjuſtment, or from a bad habit of eſtimating the contact of 


the ſtar with the moon's limb, operating different ways, their effect, if any, 


muſt be ſenſible in the reſult. But in all the double longitudes thus de- 


termined, the difference was ſo ſmall as to warrant him to ſay, that by good 
inſtruments and careful obſervers, ' theſe errors may be ſo far reduced as to be 


of very little conſequence ; and all the obſervations which have been made 
ſince, agree in confirming it ; and ſhow that the longitude thus deduced may 
be_determined to a very great oY of accuracy, and fully falt ent for all 


| —_— purpoles. 


At ſea, the moon and ſun or lar's s altitude muſt be corrected for the 
dip f the horizon, by ſubtracting the dip; for the obſerver being on the deck 
of the ſhip muſt ſee below his own horizon, and the altitudes are taken above 


his viſible horizon. The following Table gives the dip correſponding to the 


obſerver's height. 


Height | Dip Height [ Dip Height F Dip | 
S 14 3. 34 || 28 38293 
3 % 43 OO NY $I} 
e 2%” P17 os a on WE KU TS 
Ve . 3. 56 40 | 6. 2 
| ..0-- |, $20 || 18. ee 45). 34 6624} 
JFF 50 L 6. 44 | 
RY „ | + 80 4- 16 [ 60 J 2. 23 
. 21 4. 22 70 1 
10 3. Fe 4. 28 80 [ 8. 32 
ene eee 
12 3. 18 | 24 4. 40 100 9. 33 


4. 
7 52. The moos true diſtance from the fun or a | fixed ſtar, as put down 
in the Nautical Almanac, is thus calculated. Let E be the pole of the ecliptic, 
the true place of the far, m the true place of the moon; then Ze, Im are 


the complements of latitudes, and the angle E the difference of their longitudes ; 


draw st perpendicular to Z m; and by ſpher. Trig. log. tan. Z: log. coſ. Z 
+ log. tan. Z= 10, and log. cof. 5m log. col. Zs + log. cof. tm + arith. 
comp. log. col. Zt. 10. If s be the Sun, Zs = oe; hence rad. x coſ. m = 
coſ. Z x ſin. Em, or log. col. Z+log. fin. Zm— 10, log. coſ. m. If Z be 
the pole of the equator, then Z, Em will be the complements of declination, 
and the angle Z the difference of right aſcenſions. 
6 Ex. 


1 
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Ex. I. To find the moon's diſtance from the ſun, on Auguſt 24, ic, 
at apparent noon at Greenwich. | 


The ſun's longitude at the given time is 5 60+ 5B”, the moon's longi- 
tude is 1*. 135. 500. 53”, the difference of which 3 is 1089. 50. 5” the angle 5Zm; 


alſo the moon's latitude is 4?. 13“. 51”, hence Zm=85*. 46'. 9”. 


Log. col. Z = 108%, 5.5”. . . . 9,4919538 
Log. fin. Zm=85. 46.9 . . . . 9,9988149 


pO COT ELELY 


5 Log. col. n 108. 2. 1 48. 9, 490568 


Ex II. Let the right aſcenſion of a ſtar be 2. . 2. 25”, and north decli- 
nation 5. 28“. 40”, alſo the right aſcenſion of the moon ©. 11“. 54. 4”, and 
ſouth declination 35. 22“. 32”; to find the moon's diſtance from the ſtar. 


In this caſe, 2 repreſents the pole of the equator, and the difference of right 
aſcenſions is 55˙. 8'. 21“ the angle Z, alſo ZS =S. 31'. 20”, and Zm= 


93% 22. 32“; hence 


I nn « 9,7570009 
Log. tan. 84. 31. 20 1,0181922 


%%%%%/%/ ² ² a ĩ¼ . T7 OT Oe 10,7 52731 
Zm . . « =93- 22. 32 — 


Log. col. im . 239 12. 33. 59 . . 9,9888987 
Log. col. Zs . . . =84. 31. 20 . 3,9798200 
Arith. comp. log. coſ. Z. =80. 28. 33 J. 0,7812975 


Log. col. W - - =55- 46. 50 . . 9,7500162 


Thus the moon's true diſtance from the ſun or a fixed ſtar may be calculated 
for every three hours, as given 1 in the Nautical Almanac. 


xX 2 | To 
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— 


To find the Difference of the Longitudes of two Places, by the rw Ti 1 Fa 
of the Moou and a fixed Star over the Meridian at eack Place. | 


753. This method of Raine 4 the longitude was propoſed by Dr. 
MASKELYNE in the Nautical Almanac for 1769. It is extremely eaſy in 
practice, and capable of great accuracy. The Rule is thus inveſtigated. 
Let P be the pole of the earth RA, PG a meridian of Greenwich: paſſing 
through the moon at M. PD the meridian of any other place, and when it 
comes into the ſituation Pd let it paſs through the moon at . At each tranſit, 
obſerve the differences MPS, m PS, between the right aſcenſions of the moon 
and a fixed ſtar &, the difference of which is the angle Mn, or the increaſe 
of the moon's right aſcenſion in the interval of the tranſits. From the Nautical 
Almanac, find the increaſe (4). of the moon's right aſcenſion. in 12 hours 
apparent time, and reduce it into mean time thus; let a the variation of the 


equation of time in 12 hours, then 12 hours apparent time is 1a. = a of 


mean time, where the ſign + is uſed if the equation be increaſing and 
additive, or decreafiug and ſubtractive; and the fign —, when increaſing - 
and ſubtrative, or decreaſing and additive, Now A : Meyn :: 
12. 4a : x the angle (expreſſed in mean time) deſcribed by a meri- 


366 


dian of the earth 1 in the time the moon deſcribes Mypm ; hence x x — = 


305 
the angle DPm of longitude deſcribed by a meridian in that time, becauſe i in 


12 hours mean time the earth revolves through 180® x = of longitude, very 


nearly. Conſequently the difference DP@ of the meridians * 365 — Mpm. 


366 _ 
If the plane do not differ much in longivade,;s 642 = a+ p— 725 15 


near; in this caſe alſo, the apparent may be uſed for the mean time. 


Ex. 


9 
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Ex. On June 13, 1791, the following obſervations of the paſſage of the 
moon ab % wal aa were Ao at Sennen and TNT ERIN. 


_ * * 5 


Ar vA. 


Right aſcenſion of 5 58 firſt limb 3 * 65 12”,49. 
— — a l Re oy 15. 33. 36,91 


ee e epd dee ae | 1 24, 42 
Daily rate of clock; 16738 3 . » 0, 0 "Ih 3 Fo 


CO OO WO kf WY | 1 


1 


27. 24, a7 


2 *** << i. ae ot. 


1 e 


AT GREENWICH.. / 


A. R. y's firſt limb 15% 5% 3",52 at 9“ . e e time. 
A. R. of a Ro 16. 33. 34, 70 | 


28. 31, 18 
| SF: 24, 74 
921 wit | . 
— ˙ 6 6, 44 = 16, 367%, 6 in eſa: 


A 


» 


As the — do not differ much! in 1 it is unpeceſſury to reduce. 


apparent. to-mean time.. 


This difference 16'.. 36“, 6 is the increaſe of the moon's right afoenfion. in the - 


interval of it's paſſages over the meridians at Greenwich and Dublin Obſerva- 
tories. By the Nautical Almanac, we find the following differences of the right. 
aſcenſions of the ſame limb of the pon, and the Rare about the ſame time; 


June 12, midnight . . 213% 15 
386.0008 e 
13. midnight WAS | 
rr, 9326- $6 r 
%%% ̃ͤ X; Ä òcwꝛ! Pane. 


If the places differ much in longitude, the motion in right aſcenſion ſhould. 
The 


be calculated to ſeconds. 
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The ſecond differences are always ; ſufficiently uniform, that we may take 


7. 37, * the middle of the firſt differences, for the rate of increaſe for 12 hours 
at the middle time. Hence *. 37»5 : 16, 26”,6 :: 124. : x =126,1407, 


=26. 1% conſequently the difference of the longitudes is 


x 

x 60 
26'. 12 24k 1'. 6%½44 = 25. 6",29., Mr. BrinNxLEY was ſo good as to 
favour me with this ; ; and he further obſerves, that when the two places differ 


much in longitude, an allowance ought to be made for the change of the 


moon's ſemidiameter 1 in the interval of the paſſages ariſing from it's change 
of diſtance, and alſo for the change of ſemidiameter in right aſcenſion from 
it's change of declination. He very ſtrongly recommends this method, as 
being extremely eaſy in practice, and capable of _ accuracy, far 8 
that from the eclipſes of Jupiter's ſatellites. | 


To find the Di ference, of | the Longitudes of two Places, . rhe Occultation oy 
a fixed * * the . b 8 | 


754. The principal part of the ellen is made by the ; following Rule, 
given by Dr. MAasXELYNE, for finding the true longitude and latitude of the 


point of occultation in the moon's limb. „ Doi 


* — — od — me. ww 


I. Find the angle between the parallels to Bag ecliptic and equator, paſting 
through che ſtar; By ſaying, coſ. ſtar's latitude : coſ. of it's right aſcenſion :: 


ſine of the obliquity of the ecliptic : ſine of the angle between the parallels. 


This may alſo be found by 'T able XIX. and XXX. at the: end of this 


Volume: A 


II. From 9 ſigns to 3 dis er the right aſcenſion of thi ſtar; in a place of 


north latitude, the parallel to the ecliptic aſcendi above the parallel to the 


equator; but from 3 ſigns to 9 ſigns, it deſcends below the ſame. T he en 


for a place of ſouth latitude. 
III. If the parallel to the ecliptic aſcend above the parallel to the equator, 


ſubtract the angle juſt found from go*; but if it deſcend below, add it to 90e, 


and you will have the angle between the meridian paſſing N the ſtar and 


the parallel to the ecliptic. 
IV. Subtract the right aſcenſion of the ſtar from that of the meridian of the 


place, or the right aſcenſion of the meridian from that of the ſtar, borrowing 
36⁰⁰ if neceſſary, ſo that che remainder may be under 1 80?, and you will have 


the 


1 
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the horary angle of the ſtar, which will be eaſt or weſt, according as the right 
aſcenſion of the meridian was ſubtracted from that of the ſtar, or the right- 


aſcenſion of the ſtar ſubtracted from that of the meridian. 
V. With this angle, and the ftar's declination and latitude of the place- 


corrected for the ſpheroidical figure of the N Fun er the ſtar” s altitude, 
and the angle of poſition at the ſtar: 

VI. If the ſtar be eaf of the meridian, ww” the angle of potion to the 
angle between the meridian and parallel to the ecliptic, but. if the ſtar be to 
the weſt of the meridian, ſubtract the former from the latter, borrowing 360? 
if neceſſary, and you have the angle between the one Ade and the e 
to the ecliptic. 

VII. To the ſine of the moon's cquarcric parallax tered for the ſphe- 
roidical figure of the earth) add the coſine of the ſtar's altitude and the fine of 
the angle between the vertical circle and the parallel to the ecliptic, and the 
ſum, rejecting 20 from the index, is the fine of the principal part of the 
parallax in /atitude; This muſt be added to the ſtar's latitude, if of the ſame 
- denomination with the latitude of the place, but jubtrafed, if of a contrary 
denomination, unleſs the angle between the vertical circle and the parallel to 
the ecliptic is greater than 180?, when.it muſt be applied in a contrary manner, 
to obtain the true latitude nearly of the point of the moon's limb at which the 
occultation happens. This is. to. be correfted by a ſmall quantity found 
hereafter... - 

VIII. To. the fine of the moon's equatorial parallax 3 as before) 

add the coſine of the ſtar's altitude, the coſine of the angle between the vertical 
circle and the parallel to the ecliptic and the arithmetical complement of the 
coſine of the latitude of the true point of occultation, found nearly in the laſt 
Article, and the ſum, rejecting 20 from the index, is the ſine of the parallax 


in longitude. 
IX. To the conſtant logarithm 4, 124 add twice the ſine of the parallax in 


longitude and the ſine of twice the true latitude of the point of occultation 
found nearly, and the ſum, rejecting 30 from the index, is the logarithm of 
a number of ſeconds, which ſubtracted from the true latitude of the point of 
occultation of the moon's limb found nearly by Art. VII. gives the true 
latitude of that point correctly. 

X. If the angle between the vertical circle and the parallel to the ecliptic, 
be more. than 270% or /eſs than go?, add the parallax of longitude to the 
longitude of. the ſtar; but if that angle be more than ga? and % than 270%, 
| fubtradt the parallax in longitude from the longitude of the ſtar, and you will 
have the true longitude of the point of the moon's limb where the ſtar im- 


merges or emerges. 


DEMONSTRATION... 
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DEMONSTRATION. Let v.0 be the ecliptic, ꝙ X the equator, 5 the ſtar, 
Z the zenith, P the pole of the equator, p the pole of the ecliptic, and draw 
the great circles PSA, PAB, pSv, 4 SH, and Sm, Su Ta 0 98 


ai $ eee Then by Dee 1 PERGORFETs 58 


Coſ py . A 0 2: 93 A. md. 
Col. YS : enen rs S 2A : fin. ot. 


. Col. v os 7: col. ip, 4 z fin. 2 Su or n, 


2. 


1 4 


ich pech the fiſt ee of the Rule; and by taking the ſtar i in all 


pollible ſituations, the ſecond and third articles are found to be true. 


As. Pon gos 90 = S Pon, according to the caſes in the Rule. 
Also P B _ * AgB the meaſure of the angle 27 S. 


With 2e PS and PZ, compute ZS, and ZSP which is here called the 
angle of poſition, but it is not the angle generally underſtood under this 


— 


appellation, as defined in Art. 53. 0 


Next, PSm= ZSP=2Z Sm, which will be found to agree with the nun i in 
the different caſes, as there ſtated. 


Let þ be the north or ſouth pole of the ecliptic, accorilitig! as the bur! is 


in north or ſouth latitude, (no matter whether p be elevated above the horizon 

or not), $ the ſtar touching the moon's limb, Sx the parallax in altitude of 

that part of the moon's limb, then Sp is the parallax in longitude, and 

28 x the parallax i in latitude, Draw xr a portion of a parallel to the ecliptic; 

and xs a portion of a great circle perpendicular to Sp; then the true lati- 

tude s (a point of the moon's limb) g = H SSS 
xs” 


e 0 Fa 
Sx x00, _ Tg) (becauſe 2 Sm= 90 =x$s) 28 x x lin, Zon 


4 
2 2 tan. 27 
point S of the moon's limb, we have the parallax 3 in latitude== Sx xfin, Z Sm 


„ 
23 77 but if 1. the horizontal parallax of the moon, then (1 54) S = 


A x fin. ſtar's app. zenith diſt.; 3 therefore the firſt and principal part = = x 
fin. ſtar's app. zenith diſt. x fin. Z Sm, where the fign is +_0r —, according as 
the latitude of the place is north or ſouth, except Z Sm is more than 1809, 


if therefore from this we ſubtract 28, the apparent latitude ot the 


| when it becomes of a contrary denomination, that is, in north latitude, and 


1 in 
1 dee the Note in page 67. 
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+ in ſouth latitude, Having gotten the true latitude nearly, before nd 
the ſecond part of the parallax in lautude, we will find the parallax in longitude, 


Rad.: fin. ZS :: fin. 4 : fin. Sx (154) 
Rad.: fin. xSr (col. Z Sm) :: fin. Sx ; fin, wr 
Col. rv : rad. :: ſin. xr : fin. xpS 2 85 


©. Rad. x col. rv : ſin, ZS x coſ. ZSm :: ſin. 4 : fin. ps, 


3 Fra 2 the fine of the parallax i in /on- 
rad. x col. rv 

gitude, agrecing with the Rule. This parallax will be +, that is, eaſterly, 

or —, that is, weſterly, according as ZSm is acute or obtuſe, reckoning 

thoſe angles acute which are from 270? to go?, and thoſe obtuſe which are 

from go? to 270. 

Now to find the ſecond part of the parallax in latitude, we may further 


reduce the expreſfon thus; xs = in, FS9 x 129. E, and tan. xp = 


hence fin. xþS = 


rad. 
8* 
— *p, hence this ſecond part = — — * — * fin. xp x col. xp= 
col. x þ rad. 
bn x ſin. vr x cof. vr — BY 2 20 x fin. 2 vr; and to reduce this to 
2 x rad. | 4 x rad. 
| ſeconds of a degree, we have 206264“, 8 the ſeconds in an arc equal to radius; 
2 ſin. xpS* 1 2 
hence, rad, = 1 : — * 35 X fin. 2 r :: 206265" : — 51566” x 


fin. xp$ x ſin. 2vr 
o 

in longitude; this n proves the truth of the Rule for the ſecond part 
of the parallax in latitude. This is always of a contrary denomination to the 


moon's latitude. 


; but the log. of 51566 1s 4,7124, and xpS is the parallax 


7 55. This calculation dein made, we very readily find the difference of 
the longitudes of two places by the following Rule. 


I. From the meridian obſervations of the moon, compute it's true latitude 
and longitude, and compare it with the Jatitude and longitude computed from 
the Tables (which may be taken from the Nautical Almanac), and you get the 
error of the Tables in latitude and longitude. 


II. Compute, by the above Rule, the true latitude and longitude of the 


point of the moon's limb where the occultation takes place. 
rr III. Take 
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NI. Take the difference CP of the latitudes of the point of occultation and 
the moon's center, and knowing Cs the moon's ſemidiameter, we have log. 


P = log.  Cs* — CP log. Cs+CP — log. C5— CP. 

IV. Find the value of 5P in longitude, by dividing it (108) by the coſine 
of the ſtar's latitude, and you get the true difference of longitudes of the moon 
and ſtar, which difference applied to the true longitude of the ſtar, gives the 
true longitude of the moon's center at the time of the occultation. 

V. Find the ſame for any other place, and take the difference, and then 
ſay, as the moon's horary motion: that difference :: one hour: the. t time 
between the immerſions at the two places. | 

VI. Apply that time to the time of occultation at one place, and the diffe- 
rence between that reſult and the time of occultation at the other place gives. 


the difference of longitudes. 


EXAMPLE. 


On March 27, 1792, the immerſion of Aldeburan at the moon's dark limb 


at Greenwich was at 8h. 37. 36”,8 apparent time, and at the Obſervatory of 


Trinity College Dublin it was at 84. 4. 51”,5 apparent time; to find the 
difference of their longitudes. 


As the immerſions only were obſerved, it is neceſſary to have the exact 
latitude of the moon at the immerſions, for finding which we have the follow- 
ing obſervations. 

By obſervations at Greenwich on the day of occultation when tKe moon 
paſſed the meridian, the right aſcenſion of it's firſt limb was found to be 


63. 35. 55",8, and the zenith diſtance of it's lower limb, corrected for re- 
fraction and the error of the line of collimation, was 35*. 41. 0%, and the 


apparent time of it's paſſage was 34. 46". 10”. Hence it's latitude by obſerva- 


tion was 4*. 38“. 40“ S. and it's longitude was 64. 5 5" 57,2. By the Nantical: 


Almanac, it's latitude computed was 4*. 38'. 40”, and it's longitude was. 
64*. 56. 47”,6; hence, on that day there was no error in the Tables of the 
moon's latitude, but an error of + 50%, 4 in it's longitude. 

By the Nautical Almanac, the.moon's latitude at the immerſion at Greenwich 
was 4*. 44'. 52,7 S., and at the Obſervatory at Dublin it was 4*. 44. 43”,7.. 
The apparent longatude of Aldebaran was 66˙. 52'. 59”,2, and it's apparent 
latitude 5. 29“. 5,6; it's right aſcenſion was 66, and it's declination was 


116.4 43 ; the obliquity of the ecliptic: was 23. 27. 48“; and the moonꝰ s horary 


motion in longitude was 30“. 9 „2 by the Namtical Almanac. 


4 Log. 
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Log. col. 5*. 29. 856 + + arith. comp. 0,00200 _ 
col. 66 395, SO Ws We 0 EL FE © 
. / . 0 1 


ſin. 9. 21. 48 . £ bet. [| ecl. and || equat. 9921137 
90. ©. -© — 


80. 38. 12 the angle between the meridian paſſing through 


the ſtar and a parallel to the ecliptic. 


\ 


Calculation for the Obſervatory at Greenwich. 


Right aſcen. of the mid - heaven at immerſion 65-45 . 34", 5 
. — ter 4. 24. 0 


| 


rayary angie 70. 33,6 . co = + +» » 4: 42. 34, 5 


| 


With this, and the declination 169. 4 44s and latitude reduced 519. 141, 


we find the angle of poſition =40*. 29,7, and the ſtar's altitude = 2. 327,33 
hence, 80?, 38',2 — 40*. 29,7 = 40?. 51 the angle made by a vertical circle 


and a parallel to the ecliptic. 


The moon's equatorial parallax = 5. 45% Nau. Alm. } 
RecguQion (169) oo 5 ot Hf 


Horizontal parallax reduced. . 54. 37, 2 


Sin. 445 37,2 hor. par. red... + ++» - 820106 
Coſ. 2. 32, 3 ſtar's altitude 995889 
Sin. 40. 8, 5 T bet. ver. circle and || ed. . 9,80934 


Sin. 32“. 1”,9 parallax in /atitude nearly. 7,96929 
| 1 5 . — 


4. 57. 3,7 true lat. of the point of occuleation nearly, 


"—_— 


— 


YYY2 | Sin, 
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Sin. 54. 3% 2 horizontal parallax .'. . ,. 3, 20106 
Coſ. 245. 32, 3 ſtar's altitude. . 995889 
Coſ. 40. 8, 5 £ bet. ver. circle and 1 ecl. „ 9333 

Coſ. 4. 57 tr. lat. of point of occ. nearly - ar. com. o, oo 162 


1 


Sin. 38“. 7% 5 parallax in longitude . . 8, 04492 


Conſtant logarithm E 4.7124 
N ieee 
Sin. twice true latitude . . . . . . 92353 


Logarithm 77%, »4 MOSES 
2 57.35 7 W 


4 57+ 2, 6 true latitude of the point of occultation. 


— 


— . — 


Apparent longitude of Aldebaran . : . 2% 69. 52. 59",2 
oc. ee, / 8. 


Longitude of the point of occultation . . 2. 7. 31. 6,7 


— — — 
. 


Lat. of point s of moon = lat. of center C= = 4" 57 2 6-4. 44. 527 | 
12. 9% 9 CP; alſo CS =I. 55,4 ; 5 


Hence Cs =14. 55,4 
| GP =f2:" 9, 9 


Samay. 5, 3 162,3 3,2109335 
Diff. 4. 45, = A 2,2187980 


5497375 


| . 2,7148657 
Log. cof. laat. . . arith. comp. 0,0016228 


— 


Log. 520 „6 = 8. 40“, „6 . . LEED 2,7164885 
| 2% 76. 31. 6, 7 longitude of OO — 


> 2. 7. 22. 26, 1 long. of p 's center at immer. at Greenwich. 


— — —— _— i 


Calculation 
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Calculation for the Obſervatory of Trinity College, Dublin... 


Right aſcen. of the mid-heaven at immerſion 85. 33˙ 48”, s 


* 6 hey _ {tar 5 . . . * * - 4. 24. THE © | 


r ,, © Þ 4 er urn 48, 5 


With this, and the declination 16“. 4. 26”, and un reduced 53˙. 9“, 
we find the angle of poltion =» = 37%. 32, and the ſtar's altitude = 299. 
hence 80®. 38,2 — 37. 32'=43*. 6',2 the angle made by a vertical circle and. 
a parallel to the ecliptic. 


12,9 3. 


The moon's equatorial parallix , .- . { Þ 54. 45g ie! 


Reduction . 5 * * * 0 « 6 ,* > | * 3 N 5 — 95 1 i 


Honzmnal parallax lo lll +: - $4 368. 


Sin. 54, 3658 her. par: ed.. „ 20100 


Coſ. 29. 12,9. ſtar's altitude 9, 94091 
Sin. 43. 6, 2 £ bet. ver. circle and || ech. 9, 83462 


Sin. 32 34% 2 parallax in latitude ne 7,976 5 3 


2 . 5 8 8. lat. 


4. 56. 3 , 4 true lat. of che point of oecultation nearly. 


\ 


Sin. 54. 368 bor part red- ten nh 1 
Coſ. 299%. 12,9 ſtar's altitule . 9594091 


Col. 43. 6, 2 4 bet. vert. circle and || ecl. . . 9, 86340 
Coſ. 4. 57 tr. lat. of point of occ. nearly - ar. com. 5j 62 


—_—_ 


Sin. 34. 5579 parallax in longitu de 8,00693, 


— 


conſtant 


54 
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Conſtant logarithm R . N - 5 1 4,7 124 b l 
% „C . - --- Wore 
Sin. twice true atitude to IR I 9,2346 


n 


Logarithm of 0,9. . „„ — 21,9624 
"IF 560% 37, 4 J 8 


—: 3 A———————_.4 


n ä * 30, 5 true latitude of the point of occultation. 


—_— — 


Apparent longitude of Aldebaran „„ 3. 06 30 $0549 
Parallax FETTE 5 ON 5 "whe 5 


| Longitude ofthe point of occulaion „ 27 ID I 


— — — 


Lat. of the point 5 of moon — lat. of center C=4*. 56. 30",5 = 4* 4. 43",7 
=11', 46%,8=CP; alſa CS = 14. 55,4; A | 


| Hence Cs =14'. 55,4 
CP =11. 46, 8 


Sum 26. 42.2 16804422 32047167 
Diff. 3. 8.3 6 1096... 2.275547 


q eee ee | 6 a 0 2)5,4802584. 


— 


3 2,7401292 
pon col. lat. „ „ arith. con. ooermat . 


n 


Log, ry 8= =gf. 11 „8 . . 1 2,7417520 
2. 75 7 55, 1 longitude of 5. wn ele 


* . . 28 1 4. 
* 


2. 7. 18. 43, 3 long. of » 's cent. at immer. at Dublin Obſer. 
2. J. 22. 26, 1 ——— Greenwich. 


—— — — 


Diff. O. O. 3+ 42, 3 8 


— 


Hence 300. 9572. ( 0˙8 hor. mot. in ting : 3 48 ::-1 hour: * 23” 4 
the time between the immerſions at Greenwich and the Obſervatory of 
Trinity Follegs, Dublin. 


Immerſion 


— —— 
— ——— 6—ä—ñ q —-—t— — * —————ꝓ — 
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Immerſion at Obſer. of Trin. Coll. Dublin. 8. 4. 51,5 
| : 7. 2 23,3 


Time at the Obſer. of Trin. Coll. Dublin, + 
when the occult. happened at Greenwich } 8 e 
Time of occultation at Greenwich , .. . . 8. 37. 36, 8 


ä — 


Longitude of Obſer. Trin. Coll. Dublin. 25. 22, 0 W. 


For this computation I am: indebted to Mr. BRINKLEY, who obſerves,. 
that the accuracy in the reſult will not be affected by an error in the longitude: 
of the ſtar, and that a ſmall error in it's latitude will not ſenſibly affect the: 


reſult, when the places do not differ much in long'tude and latitude.. 


To find the DMerence of Longitudes of two Places from a Solar Eclipſe. 


I. Find (164) the moon's parallax in latitude and longitude: for the given: 
time and place of obſervation. 

II. Compute the moon's true latitude, and to it apply the error * of the 
Tables, and you get the true latitude correctly; to which apply the parallax 
in latitude, and you get the apparent latitude ME, M being the center of 
the moon, S of the ſun, SEE the ecliptic, and ME perpendicular to it. 

III. Hence, for the beginning or end of the eclipſe, knowing SM the 
ſum of the ſemidiameters, or at any other time knowing the diſtance SN 


of their centers from obſervation, we get SE = / SM*— ME = 


MME SM— ME the apparent difference of longitudes, to which 
apply the parallax. in longitude and you get the true difference of longitudes 


of the centers. 


IV. Then ſay, as the horary motion of the moon from the ſun : that 
the time between the obſervation and the time of the 


true conjunction, which applied to the time of obſervation gives the time of 


difference :: 1 hour: 


* 


the true conjunction. 


V. Find the ſame for any other "ings 24 the difference of the times gives . 


the difference of the longitudes. * 


* The error of latitude of the Tables is found by comparing the latitude dedueed from obſer- 


vation with the computed latitude; in this Example, it is found from the obſervation of the 
In cannot here be found as it was at the occultation of a fixed ſtar by the 


middle of the eclipſe. 
moon, from a meridian obſervation of the moon, as ſuch an obſervation cannot be made at, or 


near to the time of the eclipſe, the moon being inviſible, ; 
EXAMPLE: 


543 


Frs;. 
I85,. 


r 3 
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EXAMPLE, 


On Yepnepiber 4 4. 1793» the beginning of a ſolar eclipſe at Greenwich was 
obſerved to be at 214. 39“. 21” apparent time; at the Obſervatory of Trinity 
College Dublin, the beginning was at 84. 4. 50%, 2 ſidereal time, or 214. C. 47” 
apparent time, the middle at 94. 36'. 12” ſidereal time, or 224. 37. 54",6 
apparent, and the breadth of the lucid part at the middle, meaſured with a 
divided object glaſs micrometer, was 6“ê 47" to find the difference of the 
UG. 


Calculation for the Obſervatory at Dublin. 


The latitude 1s 53" 23/,3, and the reduction (173) 147,3, hence the latitude 
reduced 1s 53% 9'. The obliquity of the ecliptic was 23*. 47 „7, the moon's. 
horary motion in longitude was uy. 37%, in lautude 2. 42",8, and it's 
horary motion from the ſun 27. 12 1. | - | 


Firft, to find the error of the Tables in latitude: from the obſervation of the 
middle. At the middle, the moon's latitude: by the Tables was 37. 43”, and 
| longitude 1627. 51'; and the right aſcenſion of medium coli was 94. 36. 12“ 
"=144. 303 hence the Py ne * to auh the 3 in latitude 
and — 3:10 . a 


N Ll. ad * 
* 
: 


| Coſ. 13447. 3“ right aſcenſion med. cœli . 9, 90823 
ee 53 git reduced „ 272795 


8 


Coſ arc I. = 119. 2,885 9,68618 
< i B þ SW TATE þ 54 FLEA 2 ht 


Cot. 

* Mr. BxinxLEY, who favoured me with this Calculation, has not computed the longitude 
of the nonageſimal by the ſame Rule as in Art. 164. his Rule is this; let L the latitude reduced, 
O = the obliquity of the ecliptic, and 4 = the right aſcenſion of medium coli; then coſ. arc J. 
Scoſ. 4+ coſ. L; cot. arc II. = cot, LA ſin. 4; arc III. S arc II. * O, — when Aries is paſt the 
meridian, and + when it is not paſt; coſ. Alt. non. =fin. arc I. I ſin. arc III; tang. bong. NON, = 
coſ. arc III. I tan. arc I.; the nonageſimal is in the ſame quadrant as arc J. and arc I. is in the 
ſame gopgrant as 4, 


NR 
3.1 
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cot. 535. 9 lat. red. — 9874074 
Sin. 144. 3 right aſcen, md. ca... 2 » 9376870 
Cot. arc II. =66*. 175 V 9.64344 
Ovliq. el. = 29, 2757 ——— 


Sin. are III. 2 42. 4753 FFF 
Sin. arc I. 119. 268 / . . ð9594161 


Col. all. —— . . 9,7366 


Col. arc III. = 42% 47, . . „9,86561 
Tan. arc I. 2119. a, 888 102841 


— — 


Tan. long. non. 50 . = 127. * . - - & -<; 10, 12102 


Moon's longitude =162. 1 ù gn *  oonmdnnennme 


Moon's diſt. from nonag. 35. 44 


The moon's equatorial parallax „ 8G 1- 
A. / > v4. Hl 


Moon's horizontal pn 54. 3,12 32431 


. / o » +» > + 000 


— 


Hor. yer. 3 . v 


— 


Log. 323495 . , . . a4 a0 h& . 3,5098t 
Sin. 53*. 34,2 alt. nonkg, CCC 
Coſ. 3. 43” ('s lat. by Tab. . arith. comp. 0,00003 


N 341541 
Sin. 35. 44 Q's diſt. from nonag. . . . 9, 76642 


Log. 1520“ = 25. 20” par. in long. nearly. 3,18183 
35-44 10 


—_ . i a0. 5. + 4 moe 


e | 3541541 


mg 
1 


Log. 1535",3=25'. 35”,3 paral. in Longitude . . 3, 18619 


24 2 


Log. 


343 


* 
ot 
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Log. 3234, +», +» * 3 e ee 3,5098 1 
Col. 53*. 34,2 alt. nenag 9,7366 
Col. app. lat. Ca arith. comp. o, ooo 


* 
a. _ 


Log. 1920",8=32/. 0,8 firſt part par. in lat. 328347 
37. 43 des lat. by Tab. 


5. 42,2 apparent latitude very nearly. 


V RS Cade: 3,510 


rs IB . eo whe 9,906 


Sin. 5. 42",2 app. lat. of . „„ 
Coſ. 35. 44+ = . ©,,0-/%,, 2:0... +.» Meg08 


Log 35 ſecond part par. ES I. 0,544 
32'. o, 8 firſt part — | — 
31. 57, 3 parallax in Latitude. 


"es 


Moon's horizontal ſemidiameter C! a7 


J%VJVJJV%%% m 


| 8 14. 43 
Avgmen. for 5 8 alt. 33. . . . +9 
Moon's ſemidiameter . 5 ES; eee 


Lucid 


METHODS OF FINDING THE” LONGITUDE. 


Lucid part at the middle. , . &. 47 


Conn er” lucid pʒ t. 4 
Se. moon's ſemidiameter. .. . .. . .. 3: . + 148% 


!!!.. TE AE ee kid 2 2. 
%%% ͤ P of 45: the 86 


5. 40 the dif- 


tance of the center of the ſun from that of the moon; and as the apparent 
path of the moon makes an angle of only about 1*. 5”. 40“ with the ecliptic, 
it may be conſidered as the moon's apparent latitude at the middle of the 


eclipſe. | 


* 


A . 
Fan in iitue 31. 13 


True latitude by obſer vation 37. 37, 3 
— — — by the Tables . . 37. 43 


Error of the Tables in latitude .- . . . . , 7 
To 


* Mr, BzxinxLey obſerves, that imperfect or bad achromatic teleſcopes are found to give 
the ſun's diameter greater than it really is. MaxvER's teleſcope, which was not achromatic, 
gave, according to the late obſervations of Dr. MasxELYNE, the ſun's diameter too great 
as ſet down in the Nautical Almanac by 6”, An achromatic with a divided object glaſs 
micrometer may be conſidered as an indifferent teleſcope, perhaps little better than a teleſcope 
which is not achromatic, I have therefore diminiſhed the meaſure 6”, I could give ſeveral 
reaſons why I fix it at 60. The correction may be diſputed ; but it is of little or no conſequence 
in the reſult, except when the true conjunction is determined ſeparately from the beginning and 
end, and not then of much, except the eclipſe be ſmall. Dr. MasxeLYNE has found the ſun's 
diameter as put down in the Nautical Almanac 6” too much; that correction therefore to the 


diameter in the Nautical Almanac is here applied. 


Zz. Z Z 2 
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To fud the true Time of the Conjunfion at Dublin Obſervatory. 


Latitude of Dublin Obſervatory reduced = 53*. 9. 


Coſ. r21*. 12,6 right aſcen. med. n 2 3971448 


Coſ. 53. 9 lat. red. 


Coſ. arc I. 108%. 6',5 


Cot. 53˙. 9 lat. red. 


n 
„ 9,49243 


— —ä—— — 


987474 


Sin 121. 12,6 right aſcen. med.. pe 4.6. GOJASIE 


Cot. arc II. = 57*. 20, 
Obliq. ecl. =23- 2757 


Sin. arc, III. = 33+. 52,8 
Sin. arc I.=108. 6, 5 


= . 0 . . © . . bh 9,8068 5 


233 39 
3 


Coſ. alt. , +. » + © +»  Qz7A419 


Col. arc III. 33*. 5278 


Tan. arc I. =108. 6, 5 


Tan. long. nonag. 111 
Moon's longitude = 162. 


9591920 
10, 48545 


. 86 


6 (Naut. Alm.) —ö ' .. — 


* - 


4 s diſt. A nonag. = 50. 


Moon's 
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Moon's equatorial parallax , . . . 54. 11“ 
77fV7ö; 8 


_ 


| Moon's horizontal parallax „„ „% Bd. I 3242,1 
. Sun's horizontal parallax , , . , . 8 


Horizontal parallax of FS 5; 3233, 5 


Moon's latitude Maus ie 4 33. 36” N. 
7 o on + 


Moon's true latitude . . . . . . . 33. 30, 3 


BR m Se ĩͤ 3,50967 


a., -:-  - + » .» cg3346 
Col. 33'. 3o",z3 4's true lat. . arith. comp. 0,00002 


1 


| 3,4381 5 
Sin. 50˙. 36,1 Q's diſt. from nonag. . . 9, 88804 


Log. 21193 2 35. 19”,3 par. in long. nearly , 3,32619 


50. 30',1 — ä — 
. 51. 11, 4 „ a = 
_ 25 3543815 


Log. 2136%8 = 35 368 par. in longitude. . . 3, 32981 


Log. 3233, 5 )CCͥ Wop . 3.50967 
Coſ. 58*. o',5 alt. nona g. . 9,72410 


Log. 1713",1 =28', 33",1 firſt part par. in ME -. | 323377 
33. 30, 3 moon's true latitude. — * 


— 


4. 57, 2 moon's apparent latitude nearly. 


$50 METHODS OP PINDING THE LONGITUDE. 


Th 6 ile, Ne ot ent 7 mma gate. 
W Sin. 58“˙. 975 ale > 5, 101 20G 
'Sin. 4: 57% C's app. latitude nearly , . . « 7159 


Col. 50⁵. 3671 +35-308 „ ls . - 9,799 


Log. 2% 5 ſecond part of par. in latitude . . 0,396 
28'. 33, 1 firſt part of par. in latitude. — 


28. 30, 6 parallax in /atitude. 


** 


— 


„„ 


/ ͤöoU⏑˖ - i + +::-$3- $052 
,,,, ĩͤ e+..00, 39, 6 


- ME=299",7 = SETS LO CV 4» 59» 7 


The moon's ſemidiameter . „ 44» 40 
— AA 23 


| 4 | I4. 43 
Augazen. for -  's alt. 3 74 $4 
Mr t. 51,4 


The ſun's ſemidiameter reduced . . . 1 qi 


Moon's ſemidiameter . F 


— 
4s 
Un 

— 
> 


SM=1844",4= . «© «© +» « 1 30. 44,4 


18444 
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1844, 
299,7 


Sum „„ or” 93 log. 3,33125 
Diff. 154437 + + . --.+ +» + |» «+ . » log." 348884 


— 


2)6, 52009 
Log. SE=1819",g= 30. 19% 9 . . . . -. 3,20004 
Parallax in long. = 35. 36, 8 | 


* 5. 56, 7 true diff. long. © and C. 


Hence 2. 121 : . 5. 56% :: 1h. : 2h. 25. 28” the interval from 
the beginning to the time of the true conjunction; conſequently 214. 6'. 45” 
(beg.) +24. 25”. 28” = 23h. 32“. 15” for the time of the conjunction at the 
Obſervatory of Trinity College, Dublin. 


To compute the ſame for Greenwich, 


Beginning alt. 21. 39“ 21” apparent time. 
Sun's right aſcenſion . . . 10. 58. 3 


Right aſcenſion med. cali . | 8. 37. 24 129%. 21“ 


— — 


Latitude of Greenwich reduced = 515. 14,1 


Coſ. 129%. 21' right aſcen. of med. coli .- . 9,80213 
Coſ. 51. 14,1 latitude reduced . . . 9, 79668 


CGEacin 1192795 + + « +» +: +» » JoSgo8r 


Cot.. 


$81 


— 


— — 
— 


— 


— > > n- 


; . 
, * 
— wore —— — — l o 3 
- = = So ES - — FRM 
— — — — 


. 


„ Emma's ob worn chore reg amr xo — 


$52 
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Cot. 51*. 14, 1 latitude reduced , . . . 9490475 
Sin. 129. 21 Tight aſcen. of med. cœli . 9,88834 


— . 


Cot. arc II. = %%%; K 


Obliq. ecl. = 23. 27,7 kx — 


Sin. are III. 34. 22k 9,7332 
Sn. arc I. 113. 23,5 9 9962 


Coſ. alt nonag. = 58%. 330 9,7180 


SS 3 TRE” YT RON” 


Tan. arc I. 113. T7 FR ET. © 


Tan. longitude nonag. = 117. 4 . 10,27889 


' Moon's longitude = 162. 10 (Nau. Aim.) — 


— —-—- 


Moon's diſt. from non. 44. 25 


Moon's equatorial panillax . . ... 8 


Reduction . . . . - * — . . EPI tot 5 L 


* 


Moon's horizontal parallax . 1 3,9 =3243",9 
Sun's horizontal parallax . . . . 5 8, 6 


— 


8 — % c ͤ . ˙up—T TS 


Moon's latitude by the Tables. « '- - + $35 6 29 


Exrox of the Tables . 057 


Moon's true latitude . . . . . . . . 33. 50, 2 


Log. 
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— of 0474 a Tedd 
n {None 355099 


2 . 9,93077 
Coſ. 33“, 50” moon's true lat. arith. comp. 0,00002 
3544070 


Sin. 44“. 2 5" moon's dift. from nonag. . . . . 9,84502 


Log. 1930",7 = 32“. 10“, par, in long. nearly . 3, 28572 
44˙. 25 | COIN 


3 _ 


. $7. 167 5 „„ e 


Log. 1949”,1=32'. 29“, 1 par. in Longitude . . 3, 28982 


„ EE Art, -, fs 


. GR. BOBAS. eo 6: fo +0 
Coſ. moon's apparent latitude . . arith. comp, 0,00000 


Log. 1690˙,4 =28'. 10”,4 firſt part par. in lat. 3, 22798 
33. 50, moon's true latitude.!⸗ñł 


5. 40 apparent latitude nearly. 


%% m 
Sin. 58*. 30“ alt. nonaeg. 9,937 
Sin. 5. 40“ apparent latitude of moon . . 5,217 


coſ. 4. 25+ = 8 N 9,852 
Log. 3“, 2 ſecond part of par. in latitude . . . . 0,510 
28. 10, 4 firſt part of par. in latitude, — 
28. 7, 2 parallax in Latitude. 

4 A 


Moon's 


553 


554 
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Moon's true latitude. , . . . . - 330% 
Parallax in latitude 810 . * . 1 5 3 . 28. 7, 2 


%%% ũ ᷣ oůd)( .... ß 


The moon's femidiameter . . „% Age 3: 
Inflexton of light . . 2 * . 0 - * . . — 3 


Augmen. for D 8 alt. 377 GS » . Þ Eg Do + 9,5 | 


Moon's ſemidiameter 3 3 * * G * 8 14. 52,5 


The ſun's ſemidiameter reduced . . 1 5. 53 
The moon's ſemidiameter. .. .. . «. 14. 52,5 


SM=1845",s — * 2. on — w» - * a . . 30. 45.5 
1845, 
343 


C — ol. L036 
Diff. 250255 . - ³⁵⁵ log. 3, 17682 


2)6,5 1696 
Log. SE=18r3"'3 30. 13, 325848 
Parallax in longitude - 32. 29, 1 55 


1. 2. 42, 4 true diff. of long. © and « . 


„ 


Hence, 27. 121: 1“. 20 42”,4 :: 1 hour : 2h. I8. 18,9 the interval 
from the beginning to the time of the true conjunction; conſequently 


21h. 39“. 21” (beg.) +2h. 18“. 18",9=23h. 57. 39% the time of the true 


conjunction at Greenwich. 


Time 
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Time of bee at Greenwich Obſerv. 23*. 57. 39˙%9 
— — at Dublin * 23. 32. I5 


Difference of the meridians 1 5,50) +0, 0h a3 


a a nor mom, — 


To find the error of the Tables in longitude, we have 


©'s long. at time of conj Wannen Tak, C1 17,4" 
C's long. — 5. 13. 17. 48 


— ——äᷓ— 


Error of the lunar Tables in longitude, N 
ſuppoſing the ſolar Tables to be accurate + 42 


Mr. Bx1NKLEY obſerves, that! in an occultation, or eclipſe of the ſun, when 
the calculation is made for the difference of longitudes to be deduced from 
the beginnings or endings at two places, it will be ſufficient to uſe the equatorial 
parallax to the neareſt ſecond, and not to regard the inflexion and irradiation 
of light; but when the difference of longitudes is to be deduced from the 
beginning at one place and the ending at the other, theſe circumſtances ought 
to be ſtrictly attended to. 


To find the Longitude by a Time-keeper. 


756. Let the Time-keeper be well regulated, and ſet to the meridian of 
Greenwich; then if it neither gain nor loſe, it will always ſhow the time at 
Greenwich. Hence, to find the longitude of any other place, find the mean 
time, either by the ſun's altitude or that of a fixed ſtar by Art. 92, or 106. and 
obſerve, at the inſtant of taking the altitude, the time by the watch; and the 
difference of theſe times, converted into degrees, at the rate of 15* for an hour, 
gives the longitude from Greenwich. If, for example, the time by the watch 
when the altitude was taken, was 6k. 19', and the mean time deduced from 
that altitude was 9h. 23', the difference 34. 4 converted into degrees gives 46* 
the longitude of the place ea? from Greenwich, becauſe the time at the place of 
obſervation is forwarder than that at Greenwich. Thus the longitude could 


be very readily determined, if you could depend upon the watch. But as a 
4 A2 watch 
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watch will always gain or loſe, before it is ſent out it's gaining or lang: 
every day for. ſome time, a month for inſtance, 1s obſerved ; this is called 
the rate of going of the watch, and from thence the mean rate of going is thus 
found. | | 
757. Suppoſe, for 18 I « examine the rate of a watch for 30 days; on 
fome of thoſe days I find it has gained, and on ſome it has loſt ; add together 
all the quantities which it has gained, and ſuppoſe they amount to 17“; add 
together all the quantities which it has loſt, and let the ſum be 13”; then 
the difference 4” is the mean rate of gaining for 30 days, which divided by 30 
gives o,“ 133 for a mean daily rate of gaining. Or you may get the mean daily 
rate thus.. Take the difference between what the watch was too faſt, or too- 
flow on. the firſt and laſt days of obſervation, if it be too faſt or too- 
flow on each day; but take the ſum, if it be too faſt on one day anditoo flow 
on the other, and divide by the number of days between the obſervations *. 
And to find the time at the place of trial at any future period by this watch, 
you muſt put down, at the end of the above trial, how much: the watch is 
too faſt or too ſlow; then ſubtract from the time ſhown. by the wateh, 
07,133 x number of days from the end of the trial, being the quantity. 
which it has gained according to the above mean rate of gaining, and you are. 
then ſuppoſed to get the true time affected. with. the error at the end of the. 
trial. This would be all the error, if the watch had continued to gain ac- 
cording to the above rate; and although, from the different temperatures 
of the air to which the watch may be expoſed, and from the imperfection of. 
the workmanſhip, this cannot be expected, yet by taking it into conſideration, 
the probable error of the time will be diminiſhed. In watches which are under 
trial at the Royal Obſervatory at Greenwich, as candidates for the rewards. 
offered by Parliament for the diſcovery of the longitude,. this allowance of a 
mean rate to be applied in order to get the time is not granted by the Act of 
Parliament, but it requires. that the watch. itſelf ſhould go within the limits 
aſſigned ; the Commiſſioners however are ſo indulgent as to grant the appli-- 
cation of a mean rate, which 1s undoubtedly favourable to the watches. 
758. As the rate of going of a watch is ſubject to vary from ſo many cir- 
cumſtances, the obſerver, whenever he goes aſhore and has ſufficient time, 
ſhould compare his watch for ſeveral days with the mean time deduced from the 
altitude of the ſun or a ſtar, by which he will be able to determine it's rate 
of going. And whenever he comes to a place whoſe longitude is known, he 
may correct his watch and ſet it to Greenwich time. For inſtance, if he go 
to a place known to be 3o* caſt longitude from Greenwich, his watch ſhould. 


be 


For further information on this ſubject, ſee Mr. Wartes's Method of Fading tlie Longitude 
at Seas | 


METHODS o FINDING THE LONGITUDE. 


Be two hours flower than the time at that place. Find therefore the time at 
that place by the altitude of the ſun or a fixed ſtar, and correct it by the 
equation of time, and compare the time ſo found with the time by the watch 
when the altitude was taken, and if the watch be two hours flower than the 
time deduced from obſervation, it is right; if not, correct it by the diffe- 
rence, and it again gives Greenwich tine. ant ny 
759. In long voyages, unleſs you have ſometimes the means of adjuſting: 


the watch to Greenwich time, it's error will probably be very conſiderable, 


and conſequently the longitude deduced from it will be ſubject to a propor- 
tional error. In ſhort voyages a watch is undoubtedly very uſeful; and alfo in: 
long ones, where you have the means of correcting it from time to time. 


E ſerves to carry on the longitude from one known place to another, ſuppoſing» | 


the interval of time not to be very long; or to keep the longitude from that. 
which is deduced from a lunar obſervation, till you can get another obſervation... 
Thus the watch may be rendered of great ſervice in Navigation. 


To find the Longitude by an Eclipſe of tie Moon, and of Jupiter's Satellites. 


760. By an eclipſe of the moon: This eclipſe begins when the umbra of 
the earth firſt touches the moon; and it ends when it leaves the moon. 
Having the times calculated when the eclipſe begins and ends at Greenwich, 
obſerve the times when it begins and ends at any other place; the difference 
of theſe times converted into degrees, gives the difference of longitudes. For 
as the phaſes of the moon in an eclipſe happen at the ſame inſtant to every 


obſerver, the difference of the times at different places when any phaſe is 


obſerved will give the difference of the longitudes. This would be a very 
ready and accurate method, if the time of the firſt and laſt contact could be 
accurately obſerved; but the darkneſs of the penumbra continues to 


increaſe till it comes to the umbra, ſo that until the umbra actually gets 


upon the moon, it is not diſcovered. The umbra itſelf is alſo very badly 
defined. The beginning and end of a lunar eclipſe cannot, in general, be 
determined nearer than 1' of time; and very often not nearer than 2“ or 3“. 
Upon theſe accounts, the longitude, from the obſerved beginning and end of 


an eclipſe, is ſubject to a conſiderable degree of uncertainty. Aſtronomers 


therefore determine the difference of the longitudes of two places by correſ- 
ponding obſervations of other phaſes, that is, when the umbra biſects any of 
the ſpots upon the moon's ſurface. And this can be determined with a greater 


degree - 
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degree of accuracy than the beginning and end; becauſe, when the umbra is 
gotten upon the moon's ſurface, the obſerver has leiſure to conſider and fix 
upon the proper line of termination, in which he will be aſſiſted by running 
his eye along the - circumference. of the umbra. Thus the coincidence of the 
umbra with the ſpots may be obſerved to a tolerable accuracy. The obſerver 
therefore ſhould have a good map of the moon at hand, that he may not 
miſtake. - The teleſcope to obſerve a lunar eclipſe ſhould have but a ſmall 
power with a great deal of light. The ſhadow comes upon the 
moon on the eaſt fide, and goes off . weſt; but if the twHlcope invert, 
the ed will be contrary. 
761. The eclipſes of Jupiter's atellites afford the readieſt method of 
determining the longitude of places, at land. It was alſo hoped that ſome 
method might be invented to obſerve them at ſea, and Mr. IXwWIx made a 
chair to ſwing for that purpoſe, for the obſerver to fit in; but Dr. Mas- 
KELYNE, in a voyage to Barbadoes, under the direction of the Commiſſioners 
of longitude, found it totally impracticable to derive any advantage from it; 
and he obſerves that © conſidering the great power requiſite in a teleſcope for 
making theſe obſervations well, and the violence as well as irregularities of 
the motion of a ſhip, I am afraid the complete management of a teleſcope on 
ſhip-board will always remain among the deſiderata. However, I would not 
be underſtood” to mean to diſcourage any attempt, founded upon good prin- 
ciples, to get over this difficulty.” The teleſcopes proper for making theſe _ 
obſervations are common refracting ones from 15 to 20 feet, reflecting ones. 
of 18 inches or 2 feet, or the 46 inch achromatic with three object glaſſes. 
which were firſt. made by Mr-DoLuonD. On account of the uncertainty of 
the theory of the ſatellites, Dr. MAsKELYNE adviſes the, obſerver. to be 
ſettled at his teleſcope three minutes before the expected time of an immerſion. 
of the firſt ſatellite, ſix or eight before that of the ſecond or third, and at leaſt 
a quarter of an hour before that of the fourth. And if the longitude of the 
place be alſo uncertain, he muſt look out proportionably ſooner. Thus, 
if the longitude be uncertain to 25, anſwering. to eight minutes of time, he 
muſt begin to look out eight minutes ſooner than is mentioned above. 
However, when he has obſerved one eclipſe and found the error of the 
Tables, he may allow the ſame correction to the calculations of the Ephe- 
meris for ſeveral: months, which will advertiſe him very nearly of the time 
of expecting the eclipſes of the ſame ſatellite, and diſpenſe with his attending 
ſo long. Before the oppoſition of Jupiter to the ſun, the immerſions and 
emerſions happen on the. weſt ſide of Jupiter, and after oppoſition, on the 
eaſt ſide; but if the teleſcope invert, the appearance will be the contrary. 
* . the immerſions only of the firſt ſatellite are viſible; and 


after 
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after er oppoſition, the emerſions only. The ſame is generally the caſe with 
reſpect to the ſecond fatellite; but both immerſion and emerſion are 
frequently obſerved in the two outer ſatellites. See Art. 456. 

762. When the obſerver is waiting for an emerſion, as ſoon as he ſuſpects 
that he ſees it, he ſhould look at his. watch and note the- ſecond, or begin to- 
eount the beats of the clock, till he is ſure that it is the ſatellite, and then 
look at the clock and ſubtra& the number of ſeconds which he has counted 
from the time then obſerved, and he will have the time of emerſion. If 
Jupiter be 8* above the horizon and the ſun as much below, an eclipſe will 


be viſible; this may be determined near enough by a common globe. 


763. The immerſion or emerſion of a fatellite being obſerved according to- 
apparent time, the longitude of the place from Greenwich is found by taking. 
the difference between that time and the time ſet down in the Nautical 


Almanac, which is calculated for apparent time. 


Ex. Suppoſe the emerſion of a ſatellite to have been obſerved. at the Cape 
of Good Hope, May 9, 1767, at 105. 40. 45” apparent time; now the time 
in the Nautical Almanac is 95. 33“. 12“; the difference of which times is 
14. 13“, 33“ the longitude of the Cape eaff of Greenwich in me or 


18. 1. 16. 


764. But to find the longitude of a place from an obſervation of an eclipſe of 


a ſatellite, it is better to compare it with an obſervation. made under ſome well 


known meridian, than with the calculations of the Ephemeris, becauſe of the 


imperfections of the theory; but where a: correſponding obſervation cannot be 
obtained, find what correction the calculations of the Ephemeris require, by 
the neareſt obſervations to the given time that can be obtained; and this: 
correction applied to the calculation of the given eclipſe in the Ephemeris,, 
renders it almoſt equivalent to an actual obſervation. The obſerver muſt be 
careful to regulate his clock or watch by apparent time, or at leaſt to know- 


the difference; this may be done either by equal altitudes of the ſun or proper 


ſtars; or the latitude being known, from one altitude at a diſtance from the 


meridian, by the methods already explained. 
765. In order the better to determine the difference of longitudes of two 


places from. correſponding obſervations, the obſervers ſhould be furniſhed. with: 


the ſame kind of teleſcopes. 
ſhadow it grows fainter and. fainter, till at laſt the quantity of light 1 is ſo ſmall. 


that it becomes inviſible even before it is. wholly immerſed in the ſhadow ;. 
the inſtant therefore that it becomes inviſible will depend. upon the quantity 


of light which the teleſcope receives, and it's magnifying power. The inſtant 
therefore 


For at an immerſion, as the ſatellite enters the 
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therefore of the diſappearance of a ſatellite will be later the better the teleſcope 

is, and the ſooner it will appear at it's emerſion. Now the immerſion; is the 

inſtant the ſatellite is wholly gotten into the ſhadow, and the emerſion is the 

| inſtant before it begins to emerge from the ſhadow ; if therefore two teleſcopes 

Wo ſhow the diſappearance or appearance of the ſatellite at the ſame diſtance of 

time from the immerſion or emerſion, the difference of the times will be the 

fame- as the difference of the true times of their immerſions or emerſions, and 

therefore will ſhow the difference of longitudes accurately. But if the obſerved 

time at one place be compared with the computed time at another, then we 

muſt allow for the difference between the apparent and true time of immerſion 

or emerſion in order to get the true time where the obſervation was made to 

| compare with the true time from computation at the other, place. This 
difference may be found; by obſerving an eclipſe at any place whoſe longitude 

is known, and comparing it with the time by computation. Obſervers, there- 

, = | fore, ſhould ſettle the difference accurately by the mean of a great number of 
obſervations thus compared with the computations, by which means the lon- 

gitude will be, aſcertained to a much greater accuracy and certainty... After all 

this precaution, however, the different ſtates of the air at different times, and 

alſo the different ftates of the eye, will introduce a ſmall degree of uncertainty; 

the latter caſe may perhaps, in a great meaſure, be obviated, if the obſerver 

- | will be careful to remove himſelf from all warmth and light for a little time 
before he makes the, obſervation, that the eye may be reduced to a proper 

ſtate ; which -precaution the obſerver ſhould alſo attend to when he ſettles the 

difference between, the apparent and true, times of immerſion and emerſion. 

Perhaps alſo the difference ariſing from the different ſtates of the air might, by 

proper obſervations, be aſcertained to a conſiderable degree of accuracy; and 

as this method of determining the longitude i is, ol all others, the moſt ready, 

no means ought to be left untried to reduce it to the en certainty. 
For e e ſee Art. 460. 10 
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ON THE USE OF THE GLOBES, 


Art. 566. Tse are two Globes, one called Terrefrial, upon which 

the places on the earth are delineated, and the other called 
Celeftial, upon which the principal fixed ſtars are put down in their proper 
places, and the figures of the conſtellations drawn. The terreſtrial globe is a 
perfect map of the earth, repreſenting accurately the relative ſituations of all 
the places upon it's ſurface. The celeſtial globe ſerves to explain all the 
phenomena ariſing from the diurnal motion of the earth about it's axis, and 
alſo the variation of ſeaſons ariſing from it's motion about the ſun, only ſup- 
poſing the ſun to move in the ecliptic inſtead of the earth, which will not alter 
any of the appearances. Fig. 186. repreſents the conſtruction of each globe. 


HR is a flat circular frame of wood ſupported by ſemicircular pieces coming 
from the foot, the plane of which paſſes through the center of the globe. 


2 2E is a braſs circle called the Brazen Meridian; it is ſupported at it's 
loweſt point upon a roller on which it turns in it's own plane, and paſſes 
through the horizon HR in two groves cut for that purpoſe. The globe itſelf is 
ſupported within this circle by an axis Pp on which it turns; this axis paſſes 
through the brazen meridian at P and carries an index round with it over a 
circular plate Ic, which is divided into hours, &c. E & repreſents the equator, 
and CL e to each of which circles on the celeſtial globe ſecondaries 
are draw to every 10 or 15 degrees, but on the terreſtrial, they are drawn 
only to the equator. From C and L are drawn the two tropical circles; and 
on the terreſtrial globe are drawn the parallels of latitude. There is alſo 
part of another circle Za, called a Quadrant of Altitude, which is occaſionally 
fixed to the brazen meridian ; it is a thin plate of braſs, having a nut and a 
ſcrew at one end to faſten it to the meridian in it's zenith Z, and then the 
lower end is put between the globe and horizon, and can be turned round to 
any point; it is divided into degrees, &c. by which the altitude of any object 
above the horizon may be meaſured, and at the ſame time it refers the object 
to the horizon, by which it's azimuth may be determined. From one point 
E of the brazen meridian correſponding to the equator, the degrees begin and 
are continued up to go* at each pole P, p; but for the other ſemicircle of 
the meridian, the degrees begin at the poles and are continued to 90* at 


the equator. On the horizon, the degrees begin at the eaſt and welt points, 
4 B and 


Fr6. 
186. 
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and are continued both ways to 90, or to the north and ſouth points. The 
points of the compaſs are alſo generally put upon the horizon; and on two 


other circles drawn thereon are put the ſigns of the zodiac, and the months 


and days correſponding to the ſun's place, which ſerves as a calendar to ſhow 
the place of the ſun on any day; this however cannot be accurate, as the ſun 
is not always in the fame point of the ecliptic on the ſame day, The ecliptic 
and equator begin their degrees at one of their interſections, called Artes, 
which are continued the ſame way all round up to 360®, and the former is 
divided into and marked with the twelve figns ; the equator is. alſo divided 
from the ſame point into 24 hours, which 1s therefore ſometimes made uſe of 
inſtead of the hour circle. Upon the foot of the globe there is often put a 
compaſs, by which the brazen meridian may be ſet north and ſouth. In the 


Phil. Tranſ. 1789, Mr. SMEATON has given a deſcription, of an improved 


quadrant of altitude. Inſtead of a ftrip of thin flexible braſs, he makes it of 
a more ſolid conſtruction. It. is fixed to a braſs ſocket, and made to turn 


upon an upright ſteel ſpindle, fixed in the zenith, by which you meaſure 
altitudes and azimuths with as much accuracy as you do any other arcs. He 


approves of the common hour circle, and ſays, that one of four inches dia- 


meter may be divided into 720 diſtinguiſhable diviſions, anſwering to two 


minutes of time; and if inſtead of a Pointer, an Index Stroke is uſed in the 
ſame plane with that of the diviſions, half minutes may be eafily diſtinguiſhed. 
He therefore thinks the hour circle ſhould rather be improved than omitted, 


as It is won ſome globes. 


— 
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To find the Latitude of a Place. 


767. Bring the place under that ſemicircle of the brazen meridian where 
the diviſions begin at the equator, and obſerve what degree it is under, and it 


is the latitude required. 


To rectiſy the Globe for the Latitude of a Place. 


768. Elevate the pole above the horizon till it's altitude is equal to the 


| latitude of the place, and it then ſtands right for the ſolution at all problems 


for that lautude, 
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. To find the Longitude of a Place from any given Meridian. 


769. Bring the place to the brazen meridian, and obſerve the point of 
the equator which lies under it, and the diſtance of that point from the point 
where the given meridian cuts the equator, is the longitude required. 


Given the Latitude and Longitude of a Place, to find that Place. 


770 Bring the given degree of longitude to the meridian, and then under 
tale degree of latitude upon the meridian you have the place required. 


| | 


When it is Noon at any Place A, to find the Hour at any other Place B. 


771. Bring A to the meridian, and ſet the index to XII.; then turn the 
globe till B comes under the meridian, and the index will ſhow the hour at B. 
If it be not noon at A, ſet the index to the hour, and proceed as before, and 
you get the correſponding hour at B. 


To find the Diſtance of A from B. 

772. Bring A to the meridian, and ſcrew the quadrant of altitude over 
it, and carry it over B, and you get the number of degrees between A and B, 
which multiply by 69,2, the miles in one degree, and you have the diſtance. 

To find the Bearing of B from A. 
773. Rectify the globe for the latitude of 4, and bring it to the meridian, 


and fix the quadrant of altitude to it; then direct the quadrant to B, and 
the point where it cuts the horizon ſhows the bearing required. 


4B 2 To 
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To find the Place A to which the Sun is h vertical at any Hour of the Day, 
at a given Place B. 


774. Find the ſun's place in the ecliptic, and bonds it to the meridian, 


and mark the declination; then bring B to the meridian, ſet the index to the 


given hour, and turn the globe till the index comes to XII. at noon, and the 
place under the ſun's declination upon the meridian is that required. 


To find on any Day and Hour, the Places where the Sun is riſing, ſetting, 
or on the Meridian; alſo, thoſe Places which are enlightened, and. where the 
Twilight 1s beginning and r. 


775. Find (774) the place to which the ſun is vertical at the given time, 
and bring the ſame to the meridian, and rectify the globe for a latitude equal 
to the ſun's declination ; then to all thoſe places in the wefern ſemicircle of 
the horizon, the fun is riſing ; ; to thoſe in the eaſtern, it is fetting ; ; and-to thoſe 
under the meridian, it is noon. Alfo, all the places above the horizon are 
enlightened ; and the altitude of the ſun above the horizon at any one place 
at that time, is equal to the diſtance of that place from the horizon, which 
may be meaſured by the quadrant of altitude. Laſtly, in all thoſe places 185 
below the weſtern horizon the twilight is juſt beginning | in the morning, and 


in thoſe on the eaſtern, it is juſt mm + im the evening. 


Si 0 FO all the Places 1 to which a Lamar E 15. is wif at any infant 


us. Find the . to ah the ſun is vertical at the given time, and 
bring that place to the zenith, and the eclipſe will be viſible to all the hemi- 
ſphere under the horizon, becauſe the moon is oppoſite to the ſun. 


777. We cannot, by a globe only, determine the ſame for a folar eclipſe, 
becauſe that eclipſe does not happen to the whole hemiſphere of the earth next 
the ſun, nor does it happen at the fame time to thoſe places where it is viſible. 


778. The inhabitants of the earth are diſtinguiſhed by the different direc- 
tions of their ſhadows. They who live in the torrid zone are called Amphiſcir, 
becauſe their ſhadows at noon are caſt ſometimes to the north and ſometimes 


to 
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to the ſouth. But when the ſun is vertical to them at noon, they then caſt 
no ſhadows, and are called Aſcii. The inhabitants of the temperate zones 
are called Heteroſcii, becauſe they never caſt their meridian ſhadows but one 
WAY. They who inhabit the frigid Zones are called Periſcii, becauſe the ſun 
is ſometimes above their horizon for a day, or for a longer time even to ſix 
months, ſo that their ſhadows turn all round them. 


779. The inhabitants of the earth have alſo been diſtinguiſhed into three 
ſorts, in reſpect to their relative ſituations in latitude or longitude. They who 


live under oppoſite points of the ſame parallel to the equator are called, in 


reſpect to each other, Periæci. Theſe have the fame ſeaſons. at the ſame time, 


only they differ 12 hours in time, it being midnight to one when it is noon 


to the other. They who live in the ſame meridian, but on oppoſite ſides of 


the equator and equidiſtant from it, are called Antæci. Theſe have day and 
night at the ſame time, the hours being the ſame, but they have different 
ſeaſons, it being ſummer with one when it is winter with the other. They 


who live in oppoſite parallels to the equator, and in oppoſite meridians, or 


who live on oppoſite points of the globe, are called Autipodes. With theſe, 
it is day to one when it is night to the other, and ſommer to one when it is 
winter to the other. 
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To find the Sun's Right Aſcenſion and Declination.. 


580 Bring the ſun's place in the ecliptic to the i and it nolnts 


out upon the meridian, the declination ; and the degree of the equator which 
is cut by the meridian 1 15 the right aſcenſion. 


Given the Right Aſcenſion and Declination. of au heavenly Body, to find. it's Place. 


781. Bring the degree of right aſcenſion on the equator to the meridian, 


and the Point correſponding to the declination, i is the place required. 


Gruen 
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Given the Latitude of the Place, the Day and Hour, to find the Aline and 
Amplitude of the heavenly Bodies. 


782. Rectify the globe ( 768) to the latitude of the 255 and bring the 
ſun's place in the ecliptic to the meridian, and ſet the index to XII.; then 
turn the globe till the index points to the given hour, and in that poſition the 
globe repreſents the proper ſituation of all the heavenly bodies upon it, in 
reſpect to the meridian and horizon. Then fix the quadrant of altitude 
to the zenith, and direct it's graduated edge to the place of the body, and 
it ſhows the altitude of the body, and the degree where it cuts the horizon 
ſhows it's amplitude. If the body be the moon or a planet, after having 
found it's place, put a very ſmall patch upon it to denote it's place. | 


Given as before, to ſet the Globe ſo that the Stars upon it may arch ts ts 
_ Situations in the Heavens. 


783. The globe being fixed as in the laſt Article, let the meridian be ſet 
in the meridian of the place, with the north pole to the north ; then will all 
the ſtars upon the globe correſpond to their places in the heavens, fo that an 
eye at the center of the globe would refer every ſtar upon it's ſurface to the 
place of the ſtar in the heavens. By comparing therefore the ſtars in the 
heavens with their places on the globe, you will very eaſily get acquainted with 


all the ſtars. ' 


To find the Time when any of the 3 Bodies riſe, ke, or come to the 
Meridian ; alſo their Azimuth at riſing or ſetting. 


8 784. Every ching remaining as in Art. 782, turn the globe till the given 
body comes to the eaſtern part of the horizon, and the index ſhows the time 
of it's riſing ; bring it to the meridian, and the index ſhows the time of it's 
coming to the meridian; laſtly, bring the body to the weſtern horizon, and 
the index ſhows the time of it's letting. When the body is in the horizon, 
the arc upon the horizon between it and the north or ſouth will give it's 
azimuth. If you thus find the time of the ſun's riſing and ſetting, you get 
the length of the day. If you turn the globe about it's axis, all thoſe ſtars 
which do not deſcend below the horizon in a revolution, never ſet in that 


place; and thoſe which do not come above it, never riſe. 
. | To 
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To explain, in general, the Alteration of the Length of the Days, and 
Difference of the S wn: 


78 8. Fu ſeveral patches upon the ecliptic from Aries both ways to the 
two tropics; and then the globe being rectified to the latitude of the place, 
turn it about, and you will ſee, for north latitudes, that as the patches 
approach the tropic of Cancer, the correſponding diurnal arcs will increaſe; 
and as the patches approach the tropic of Capricorn, the correſponding 
diurnal arcs will decreaſe; alſo, the former arcs are greater than a ſemicircle, 
and the latter leſs; and the patch in the equator will deſcribe a ſemicircle 
above the horizon. Therefore when the ſun is in the equator, days and nights 
are equal; as he advances towards the tropic of Cancer, the days increaſe 
and the nights decreaſe, till he comes to that tropic, where the days are 


longeſt and the nights ſhorteſt ; then as he approaches the equator, the lengths 


of the days ditniniſh and that of the nights increaſe, and when he comes 
to the equator, there will be again equal days and nights. Then as he 
advances towards the tropic of Capricorn, the days diminiſh and the 
nights increaſe, until he comes to that tropic, where the days are ſhorteſt and 
the nights are longeſt; and then as he approaches the equator, the days in- 
creaſe and the nights decreaſe, and when he comes to the equator, the length 
of the days and nights are equal. Whatever be the latitude of the place, when 
the ſun is in the equator the days and nights are equal in length. To an 
inhabitant at the pole, the ſun will appear to be half a year above the horizon, 
and half a year below. To an inhabitant at the equator, the days and nights 
will appear to be always equal; alſo, all the the heavenly bodies will be found 
to be as long above the horizon as below. At the arctic circle, the longeſt 
day will be found 24 hours, and the longeſt night of the fame length ; 
this appears, by rectifying the globe to that latitude, and putting the patch, 
firſt at the tropic of Cancer, and then of Capricorn. - Laſtly, it will be found 
that all places enjoy equally the ſun in reſpect to time, and are equally deprived 
of it, the length of the days at one time of the year being exactly equal to 
that of the nights at the oppoſite ſeaſon. This will appear, by putting a Foun 
upon the ecliptic at equal diſtances on each ſide of the equator. 


To 
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To find the Latitude and Longitude of a given Star, alſo the Sit of two Stars. 


786. Bring the ſolſtitial colure to the meridian, and fix the quadrant of 
altitude over the pole of the ecliptic; then turn the quadrant over the given 
ſtar, and the arc contained between the ftar and the ecliptic will be the 
latitude, and the degree on the ecliptic cut by it will be the Jongitude. The 
diſtance of two ſtars may be found, by laying the . of altitude over 
both, and counting che * between. 


To explain the Phenomena of the Harveſt Moon. 


787. Rectify the globe for any northern latitude, for inſtance, that of 
London; and as the moon's orbit makes but a ſmall angle with the ecliptic, 
let us ſuppole the ecliptic to repreſent the moon's orbit. Now in September, 
when the ſun is in the beginning of Libra, the moon, at it's full, is in the 
beginning of Aries; and as the mean motion of the moon in it's orbit is about 
13* in a day, put a patch on the firſt point of Aries, and another at the diſ- 
tance of 13? from it; bring the former patch to the horizon, and then turn 
the globe till the other comes to it, and the motion of the index will ſhow 
about 17 minutes, which 1s the difference of the times of riſing on two 
ſucceſſive nights at that time. This ſmall difference ariſes from the ſmall 
angle which that point of the ecliptic, or moon's orbit, makes with the horizon 
at 1t's riſing If you continue the patches at every 13* till you come to Libra, 
you will find the difference of the times of riſing will increaſe up to that point, 
and there the difference will be found to be about 14. 17's for this point of 


the ecliptic makes the greateſt angle with the horizon at it's riſing. Hence, 


whenever the moon comes to the firſt point of Aries, there will be the leaſt 
difference of the times of it's riſing; and this happens at the time of the full 
moon, when the full moon happens about September 21. That point of the 
ecliptic which riſes at the leaſt angle with the horizon will appear to ſet at 
the greateſt, and therefore when there is the leaſt difference in the times of 
riſing, there will be the greateſt difference in the times of ſetting; and the 


contrary. 


To 
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7 fund the Time of the Year when a Ster riſes or ſets Coſmically and 
Achronically. 


788. Rectify the globe to the latitude of the place, and bring the ſtar to 
the horizon on the eaſt fide, and fee what degree of the ecliptic cuts the 
horizon, and upon the horizon ſeek what day of the month that degree 
anſwers to, and that is, the day when the ftar riſes coſmically ; bring the ſtar to 
the weſtern horizon, and the degree of the ecliptic cut by the horizon will 
give the day when it ſets co/mically. Bring the ſtar to the eaſtern horizon, 
and the degree of the ecliptic which cuts the weſtern horizon will give the 
day when the ſtar riſes achronically; and if you bring the ſtar to the weſtern 
horizon, the degree of the ecliptic cut by the eaſtern horizon ſhows the day 
when the ſtar ſets n 


4 


To find the Time of the Year when a Star riſes or ſets Heliacally. 


789. Having rectified the globe to the latitude of the place, bring the ſtar 
to the eaſtern horizon, and apply the quadrant of altitude to the weſtern ſide, 
ſo that it may cut the ecliptic 12 above the horizon, then will the oppoſite 
point of the ecliptic be 12* below the horizon, and the day correſponding to 
that point is the day when the ſtar riſes eliacally; bring the ſtar to the 
weſtern horizon, and apply the quadrant of altitude to the eaſtern to cut the 
ecliptic 12* above the horizon, and the oppoſite point will give the day when 
the ſtar ſets heliacally. This is for a ſtar of the firſt magnitude, which may 
be ſeen when the ſun is about 12 below the horizon; but for one of the 
ſecond, third, fourth, fifth, or ſixth magnitude, the fun muſt be 13* 1485 
15%, 16* or 1 below the horizon. 


790. Since the time of Skxxx, no new globes have been made of a large 
ſize. Meſſrs. W. and S. Jones, Mathematical and Philoſophical Inſtrument 


Makers in Holborn, London, are therefore now preparing a very fine ſet of 


new globes of 18 inches diameter, containing all the lateſt aſtronomical and 
40 geographica} 
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geographical diſcoveries, The places upon the terreſtrial 1 are all laid 
down by an eminent Geographer, with their names in Engliſh ; and upon the 
celeſtial globe there are about 6000 ſtars very accurately laid down for the 
year 1800, from the beſt obſervations ; to which are added, many cluſters of 
ſtars, and nebulæ, with the figures of the conſtellations. The ſtars are marked 
with Bayzr's and M. de la CarLLz's letters. An improved apparatus will 


be added for the folution of problems. Theſe globes will be a very valuable 
- acquiſition to the public. 


CHAP. 


EH AFP. . 
ON THE DIVISION OF TIME. 


Art, 791. HE revolution of the earth about the ſun divides time into 
| | aſtronomical. Years; the revolution of the moon about the 
earth divides it into aſtronomical Months ; and the rotation of the earth about 
it's axis divides it into aſtronomical Days; theſe, which are alſo called 
Natural Days, include a common day and night. Theſe natural days are 
ſubdivided by clocks into Hours, Minutes, Seconds, Sc. The firſt object in 
the regulation and diviſion of time is to keep the ſame ſeaſons to the ſame 
months, ſo that the middle of ſummer may always happen towards the end 
of June, and the middle of winter towards the end of December. But before 
the ſun's motion was tolerably well known, it was not eaſy to accompliſh this. 
Some of the ancients formed a. Lunar year, conſiſting of 12 ſynodic lunar 
months, or 354 days,, at the end of which they made the year begin again. 
But finding that this year would not agree with the ſeaſons, to correct it, 
they firſt added a month. every three years ; afterwards, three months every 
eighth year; and laſtly, eight months every 19 years. Theſe were called 
Luni-ſolar.years,. and were uſed by the Jews and Romans. The Egyptian year 
conſiſted of 365 days; they had 12 months of 30 days each, and then added 
five days more. The year which Nux introduced amongſt the Romans 
was the luni-ſolar year, adding to the lunar year of 3 54 days, 22 days every 
two years, inſerting them as an intercalary month after February every other 
year, according to his life in PLuTaxca. But through the ignorance or 
negligence of the Prieſts, . who had the care of theſe matters, the corrections, | 
called intercalations, neceſſary for preſerving the agreement between the luni- 
ſoar year and the ſeaſons, were either omitted, or ſo improperly applied, as to 
produce great diſorders in the Roman calendar. Therefore JuLius Cxsar, 
to whom, when Poutifex Maximus, the care of theſe things belonged, reſolved 
to prevent, as far as he could, the like errors for the future. Accordingly, 
after having reſtored all the feſtivals to their proper ſeaſons, be, by the 
aſſiſtance of Sos1GENEs, an Aſtronomer of Alexandria, cauſed the old 
lani-ſolar year of Numa. to be entirely laid aſide, and ſubſtituted, inſtead 
| thereof, the Egyptian ſolar year of 365 days, with the correction of an ad- 
, Gitional day every four years, it having been found that the true zroprcal year, 
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by which the ſeaſons are governed, exceeds 365 days by ix hours. This is 
called the Fulian year. To add a day every fourth year, he cauſed the twenty- 
fourth day of February, which was the fixth (ſextus) of the calends before 


March, to be reckoned twice. Hence this year was called Biſextile 3 it is 
alſo now commonly called Leap-Year. In our calendar, this day is added every 


fourth year to the end of February. This civil year immediately came into 
uſe throughout all Europe. 

792. But time ſhowed that this correction was not ſo perſect as it was firſt 
thought to have been; for it was found that the equinoxes and ſolſtices hap- 
pened earlier by ſome days than they did in ſome former diſtant years; and 
more accurate obſervations of the ſun diſcovered that the true tropical year was 
not 36 54. 6h. but 365d. 51. 48“. 48“. The tropical year was therefore 
thought to be longer than it really was by 11“. 12”, which in about 129 years 
would amount to a whole day, and cauſe the equinoxes td fall ſooner by one 
da 
a0 Pope Grecory XIII. therefore ſet about che correction, from a 
deſire that the moveable feaſt of Eaſter ſhould happen as nearly as poſſible at 
the ſame times of the year reſpectively, with thoſe at which it had been kept 
for ſome years after the general Council of Nice, which was holden in the 
year 325. But this could not be corrected without affecting the civil year in 
ſuch a manner, that the vernal equinox ſhould then, and at all future times, 
fall on, or as near as poſſible to, March 21, as it did at that general Council, 
but which had then anticipated by 10 days. For this purpoſe, he cauſed 
10 days to be dropped in October 1582, and by this means the vernal equinox 
was reſtored to March 21. And having conſulted with the Aſtronomers, he 
ordered that three ſucceſſive centenary years, which, according to the Julian 
account, would have been Siſextiles, ſhould be common years, but that every 
fourth centenary year ſhould be, as it otherwiſe would have been, a biſſextile 
year. By this means, the difference between the civil and tropical accounts 
for the ſpace of 400 years will not differ ſo much as two hours, and will not 
amount to a whole day in leſs than 5082 years, at the end of which time it 
will be neceſſary to make a correction for this day. The civil year thus cor- 
rected took place in moſt parts of Europe many years ago, but it did not take 


place in England till the year 1752, at which time a correction of 11 days, 
which, as will appear, then became neceſſary, were applied, and ſo many days 


were taken from September, the third day of that month being called the 
fourteenth, This is called by us the Nez Se, and that in uſe before, or the 
Julian account, is called the Old Stile. As leap- year happens every fourth year, 
and every hundredth year was a leap-year in the Julian account, therefore 
every year which is diviſible by 4, became a leap- year. Now theſe centenary 
years, 
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years, which, in the Gregorian account, are 'not to be leap-years, are 1700, 


1800, 1900, 2100, 2200, 2300, 2500, 2600, 2700, &c. therefore as tile 


year 1700 happened between the time of the correction by Grzcorr, and 
that made by us, the Gregorian account had left out one day in that year 
which the Julian had not; therefore the Gregorian account having, at the time 
it took place, left out 10 days, we were obliged to leave out 11 days to bring 
our account to agree with that. n 45048 

794. Amongſt different nations, the beginning of the year varied, as well as 
the /eng/h. The Jews began their eccleſiaſtical year with the new moon of that 
month, whoſe full moon happened next after the vernal equinox. The 
Church of Rome begin their year on the Sunday that falls upon the ſaid full 
moon, or that happens next after it; or on Eaſter Sunday. The Jews begin 


their civil year with the new moon which has it's full moon happening next 


after the autumnal equinox. The Grecians began their year with the- new 


moon which happened next after the ſummer ſolſtice. The Romans, according. 


to PLUTARCH, began their year at March, from the time of RomvLvs to 
NuMa, who changed the beginning to January. RomuLvus made the year 
conſiſt of only ten months, as appears from the name of the laſt, December, 
of the tenth month; and that March was the firſt, is evident, becauſe they 
called the fifth from it Quintilis, the ſixth Sextilis, and the reſt in their order. 
Moreover, it is very reaſonable to think that March, dedicated to Mars, would 
ſtand firſt; and that April, which has it's name from Aphrodite, or Venus, 


would ſtand ſecond. Although ſome, as PLuTARcn obſerves, think it comes 


from aperire, TO OPEN; that being the time when the bloſſoms begin to open. 
The firſt month of the Egyptian year began on our Auguſt 29. The Arabic 
and Turkiſi year began on July 16. The ancient Clergy nn March 25, 


the beginning of the year. 
795. The firſt diviſion of the civil year is into civil Stiche, of which there 


are twelve. Theſe cannot be of an equal length, becauſe the number of days 


in a year is not diviſible by 12. There are therefore in every year, ſever 
months of 31 days each, four of zo days each, and in the common years one 


of 28 days, but which contains 29 in every leap-year. Theſe are the months 


which are formed for civil purpoſes. But the ſpace of 28 days is alſo called 


a month, and it is by the diviſion of this into four equal parts, that the year 


is ſubdivided into Weeks. A week therefore conſiſts of ſeven days. Hence 
a common year conſiſts of 13 of theſe months, or 52 weeks, and 1 day, and 
a leap-year of the ſame and two days. 


796. The days into which the civil year is divided are called Natural, and 


contain 24 hours. But there is a day called Artificial, which is the time from 


ſun riſe to ſun ſet. The natural day is either 4/ronomical or civil. The 


aſtronomical 
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aſtronomical day begins at noon. The Britih, French, Dutch, Germans, 

Spaniards, Portugueſe, and Egyptians, begin the civil day at midnight; the ancient 

Greeks, Jews, Bohemians, and Silefians, began it at ſun-ſetting, as do the modern 

Italians and Chineſe ; and the ancient Babylonians, Perſians, Syrians, with the 

modern Greeks, at ſun- riſing. A natural day is divided into 24 equal parts, 

| called Hours; theſe hours are, by almoſt all nations, divided into 60 equal parts, 

ho , called Minutes, and theſe ſubdivided into 60 equal parts, called Seconds, c. 
But the Jes, Chaldeans, and Arabians, divided the hour into 1080 equal parts, 

called Scruples. 

797. As Aſtronomers begin their computations of the motions of the 

heavenly bodies from ſome fixed points, ſo there are certain points of time 
from which hiſtorians begin to reckon. Theſe points of time are called Epochs,,. 

or Trat, and generally ariſe from ſome remarkable event. The firſt Ara is 

the Creation of the World. Hiſtorians differ a little in their eſtimation of this 

time, making it from 3950 to about 4000 years before Curisr. The Tra- 

of the Olympiads is the moſt famous of the profane ones, which is placed 776: 
years before CHRIST, and from which the Greeks reckoned. The Era of the 

Building of Rome was 752 years before Cxr1sT,, which the Ramans uſed. The: 

Fra of NaBoONASSAR was 747 years before CHRIST, from which time the 

Chaldeans and Egyptians reckoned their years. The Ara which we make uſe 

of is called the Chriftian Ara, becauſe it began at the Birth of CRRISr; not 
indeed on the very day he was born, but ſeven days after, for the day of his- 
Ivity was on December 25, and we begin our reckoning from January 1, 
the next year. The Tra of the Julian year was 45 years before this, when. 
Jotrvs Cxsar rejected the old Roman year, and ordered the Julian year to 
obſerved all over the Roman empire. The Turki/# Era is the Hegira, or 
light of Manowtr, 622, A. c. The Perfian Ara is called Yeſdegird, 631, A. c. 
But beſides the meaſures of time by. Tears, c. it was found convenient 
to 833 the uſe of Cycles, that is a circulation of time between the returns 
of the ſame event. The Cycle of the Sun is a ſpace of 28 years, in which time 
the days of the month return again to the ſame days of the week, and the 
ſun's s place to the ſame degrees of the ecliptic on the ſame days, ſo as not to 
differ 1* in 100 years; and the Jeap-years return again in reſpect to the days 
of the week on which the days of the months fall. Theſe things ariſe from 
hence. If 365, the number of days in a common year, be divided by 7, 
there remains 1, which ſhows that the laſt day of the year is the fame day of 
the week as the firſt. Now eit is cuſtomary to place againft the ſeven days of 
the week, the firſt ſeven letters of the alphabet 4, B, C, D, E, F, G, placing 
A always againſt the firſt day of the year, and therefore as they were continued 
through the year, it is evident that the ſame . 4 muſt ſtand againſt the 
firſt 
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firſt and laſt days of the year. Hence, if the fl, of January be a Sunday, and 


A ftands againſt it, then will 4 point out every Sunday in that year. But as 


the firſt day of-the next year will be on a Monday, againſt which A is placed, 
G will ſtand againſt the firſt Sunday, and conſequently againſt every Sunday 
in that year. For the ſame reaſon, as the firſt day of the next year is a 7. ueſday 
and marked with an 4, F will ſtand againſt every Sunday in the year; and 
ſo on. Therefore the Sunday Letters will come on in a retrograde order, 
A, E, F, E, D, C, B, in the ſucceſſive years; hence theſe are called Dominica! 
letters. This would be the caſe if all the years were of 365 days; but in 
Leap- Tear there are 366 days, and the additional day thus taken is marked 
with the ſame letter in order that 4 may be the laſt letter of the year, which 
neceſſarily throws the Sunday letter one letter back for the reſt of the year. 
Hence, in every leap- year there are two dominical letters. As therefore the 
regular change of the Sunday letter which would be otherwiſe completed in 
ſeven years, 1s thus interrupted every four years, the whole change will not 
be compleated in leſs than 7 * 4, or 28 years. But this will be ſometimes 
interrupted, becauſe every three centenary years out of four are not leap-years. 
The dominical letter however may be found by Table I. (given by Mr. FER- 
GUSON in his Afronomy) for every year of the New Stile to the year 4000. 
The year of our Saviour's birth, was the ninth of this cycle; therefore to find 
the year of this cycle, add 9g to any year and divide the ſum by 28, and the 
- quotient ſhows the number of cycles elapſed ſince his birth, and the remainder 
is the cycle for the year; if nothing temains, the cycle is 28. 

799. The Cycle of the Moon, ſometimes called the Metonic Cycle from the 
inventor. Mrox, is a revolution of 19 years, in which time, the conjunctions, 
oppoſitions, and all other aſpects of the moon, return on the ſame days of the 
months as they did 19 years before, but about 14 hour ſooner. The ancients 
formed this cycle thus. Taking any year for the cycle, they obſerved all the 
days on which the new moons happened through the year, and againſt each 
ſuch day they placed the number 1; in the ſecond year of the cycle they did 
the ſame, placing the number 2; and proceded in like manner through the 
cycle of 19 years. This being done for one cycle, the ſame numbers were 
fitted to the calendar to ſhow the new moons in every future cycle; and, 
upon account of their excellent uſe, they were written in Gold, and from 
thence called Golden Numbers. But the difference of about 15 hour in 19 years 
increaſes to a whole day in about 312 years, ſo that this cycle can only hold 
for that time. 
the Golden Numbers ought to be placed one day earlier in the calendar for 
the next 312 years to come. It was thought proper however to make this 


correction at the end of whole centuries ; accordingly they put the new moon 
| forward 


For as the new and full moons anticipate a day in that time, 
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with the true age of the moon as computed in our Ephemeris, which ſometimes 
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forward one day at the end of each 300 years for ſeven times ſucceſſively, 


which makes 2100 years; and to account for the odd 124 years, they deferred 


putting the moon forward to the end of 400 years, making the period of 
2500 years =8 x 3123. The Golden: Numbers were properly placed by the 
Council of Nice, A. P. 3255 the anticipation,” which has been neglected ever 
ſince, is now become almoſt five days, and therefore all the Golden Numbers 
ought now to be placed five days higher in the calendar for the Old Stile, 
than they were at the above-mentioned Council; or fix days lower for the 


Nero Stile. But becauſe the lunar cycle of 19 years fometimes includes five 


leap-years and ſometimes four, it is impoſſible to have a correct Table of all 
the numbers unleſs it be extended to four times 19, or 76 years, in which 
there are 19 leap-years without a remainder. And in this caſe it muſt be 
adapted to the Old Stile, becauſe in every centenary year not diviſible by 4, 
the regular courſe of the leap-year 1s interrupted in the New Stile. Table II. 
(given by Mr. Fex6vs0N) ſhows the Golden Number from the Chriſtian Ara 
to the year 3800. 

800. The Epact is the moon's age in days at the beginning of the year. 
Let a new moon . happen on January I, then the Epact is nothing. Now as 
12 lunations are completed in 354 days, it is plain that the epact, or moon's 
age would be 11 at the beginning of the ſecond year ; 22-at the beginning of 
the third; and 33 at the beginning of the fourth. But as one lunation is 
never more than 291 days, the epact muſt always be leſs. than 30; there- 


fore ſubtracting 30 from 33 there remains 3 for the epact for the fourth 


year. And by proceeding thus for 19 years the epacts will ſtand thus, 
o, 11, 22, 3, 14, 25, 6, 17, 28, 9, 20, 1, 12, 23, 4, 13, 26, 7, 18, o; 
in the nineteenth year the difference amounts to 29 days, and therefore the 
month which is ſubtracted muſt confiſt only of 29 days in order that the 
epact may begin again, as it muſt, the new moon falling then on January b. 
Theſe epacts being placed againſt the days of the months in the calendar, 
on which the new moons fall in each year, anſwer the ſame purpoſe as the 
Golden Numbers. But it is liable to be interrupted every 310 years for the 


- fame reaſon, the new moon having then anticipated a whole day, and there- 
fore on the firſt year of the cycle the moon would be one day old on the firſt 
of January; therefore the epact would be increaſed by 1, and ſtand thus, 


I, 12, 23, 4, &c. But this arrangement would be interrupted by the omiſſion 
of the leap-year at the end of every three centuries out of four ; for theſe years 
being a day leſs than by the Julian account, the new moons would happen 
a day later, and conſequently make the epact one leſs. The moon's age here 
ſuppoſed 1s that of the mean new moon, and conſequently it does not agree 


N may 


ON THE DIVISION. OP TIME, 


may differ a day; according to the rule therefore by which we from hence 
find Eaſter, that feſtival is not always found to agree with the time deduced 
from the new moon, as put down in our Almanacs. In the correction of 
the Britiſh Calendar, we uſe the Golden Numbers, | omitting the Epacts; and 
have placed the Golden Numbers, not againſt the days of the new moon, 
but of the full moons, and only againſt the full moons in the N months, 
March and April, in order to find Eaſter. | 

801. The Indiction is a cycle of 15 years, but has no dependance on the 
motion of the heaven bodies. It was uſed by the Romans for indicating the 
times of certain payments, made by the ſubjects to the Republic, and was 
eſtabliſhed by ConsTANTINE in the year 312. Why it was confined to 
I 5 years, or upon what occaſion it was inſtituted, is not known. 

802. From the multiplication of the Solar cycle of 28 years into the Law 
of 19 and Indiction of 15, ariſes the Julian period of 7980 years, in which time 
they all return again in the ſame order. Now the Dionyſian, or vulgar æra 
of CRRIST's birth was at the end of the year of the Julian period 4713, and 
therefore the firſt year of his age was the 4714th year of the faid period. 
Therefore if to any year of CHRIST we add 4713, it gives the year of the 
Julian period; or ſubtract, for any time before Curisr. The year of our 
Saviour's birth, according to the vulgar æra, was the ninth of the Solar Cycle, 
and the firſt year of the Lunar Cycle. Hence, to find at any time the year of the 


Solar cycle, add 9g to the given year and divide the ſum by 28, and the quotient 


is the number of cycles elapſed fince his birth, and the remainder is the cycle 
for the given year, and if nothing remain, the cycle is 28. And to find the 
Lunar cycle, add 1 to the given year of CRISH and divide the ſum by 19, and 
the quotient is the number of cycles elapſed from the time of CHRIST, and 
the remainder is the cycle for the given year, or the Golden Number, and if 
nothing remain, 19 is the cycle. The 312th year after the birth of CHRIST 
was the firſt of the Roman Indiction; ſubtract therefore 312 from the given 
year, and divide the difference by 15, and what remains is the Indiction for 
the given year, and if nothing remain, the Indiction is 15. 

803. The Cycle of Eafter, called alſo the Dionyſian period, is the product of 
the Solar and Lunar cycles of 28 and 19 years= 532 years. If the new moons 
did not anticipate upon this cycle, as in Art. 799. ZEaſter Day would always 
be the Sunday next after the firſt full moon which follows March 21. But 
on account of that, before the alteration of the Stile, the Eccleſiaſtical Eaſter 
happened, within this laſt century, a week different from the true Eafter. 
But this is now remedied in the Common Prayer Book,. by making the Table, 


which uſed to find Eafter for ever, of no longer uſe than the lunar difference 


will admit of. | 
| 4 D 804. The 


2 


5786 
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CY 


804. The earlieff Eaſter is March 22, and the late is April 25; for 


Eafter Sunday 1s always the firſt Sunday after the full moon, which happens 
upon or #ext after March 21. Within theſe limits there are 35 days, and the 
number belonging to each is called the Number of Direction. To find this 
number, take the Dominical Letter for the given year from Table I. and from 


Table II. take out the Golden Number; laſtly, with theſe enter Table III. and 


you get the Number of Direction; which added to March 21, gives the*day 


of Eafter Sunday. Thus it appears that the Golden Number for 1757 is 10, 


and the Sunday Letter is B; hence the Number Direction is 20, which added 
to March 21, gives April 10, for Eaſter Sunday that year. In Leap-Year, there 
are two Dominical Letters, the firſt of which takes place before F ebruary 29, 
and the laſt, for the following part of the year. 


| > SS 
The Dominica! Letter, New Stile, for 4000 Years after the Chriſtian: Æra. 
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SHOWING 
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(Which is the ſame both in the Old and New Stiles) 
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For finding Eaſter Sunday by the Golden Number 


THE NUMBER OF DIRECTION, 


TABLE It 


SHOWING 


and Dominical Letter. © 


- 


= 
_ 


N 7 Golden Numbers. 

75. 3 

8.10 2 3 4] 5] 678 9 or! 12 1301401 fr. 5ſr18l19 
A 26019 523319 120619 56/20 5260120330192 
B 27/13] 6027/1 30344201 302 7200 627/13] 6020/1 30344200 6 
C 28014] 72101403 5[(210 780210 7128114] 721014280217 
D 2915 8/221 5029/22 80291 5] 802915 10/221 5029/2208 
E 3016 202 3016300230 9306 923160 20230 9130123] 9 
F [24117] 3024/1013 10241003 101 700247 3( 241031 17ſ10 
G 25118 4501032801032 18 4/25 18] 450 1032 18012 


This Table is adapted to the New Stile. 


5 . 
i. GC AT $293 
FR Al -n F 
* 


. 
"ll 


ith. 


— _— 


ADDENDA. 


n 


Th E Rule in Art. 107. may be thus proved. Let /=the latitude of the place, 4 = the 
ſun's declination, x the ſun's altitude, x =the hour angle from noon; then by Spherical 
Trigonometry, fin. 1 — fin. J X fin. 4 — coſ. I x cof. 4 Xx col. x=0; and by ſuppoſing 
and I to remain the ſame, and 4 and x to vary, we have, by taking the fluxicn, 


fin. / x coſ. 4 — col, 1 X fin. J x col. x X d coſ. I x col. d x finx x x =o, hence x = 


x, „ d, and this being true for the fluxions, it will be nearly true for the in- 
fin. x tan. x 
crements. If the declination be ſouth, the ſign of the ſecond term becomes +, the latitude 


being north; if the latitude be ſouth, + is uſed when the declination is north, and — when ſouth, 
This appears from attending to the ſigns of the quantities in the different circumſtances. As this 
is the variation of the hour angle in the whole time between the obſervations ariſing from the 
variation of the declination, it's half muſt be applied to the middle interval in order to find the 


time of apparent noon, 


In like manner, all 1 Problems reſpecting the cotemporary variations of quantities may 
be very readily ſolved, by taking the trigonometrical equation involving the given quantities, 
and putting oh fluxion = o, making thoſe Pn only variable which are ſuppoſed to vary. 


For example, in Art. 93. if we aſſume the ſame rrigonometrical n and make 4 and x 
col. A x hk ; 


vary, we have, coſ. k x k —=cof. I x coſ. d x fin, x X x*=0, hence x ,- col. 8 


but (as the fines of the ſides are as the fines of the oppoſite angles) coſ 4 : col. 4: : fin. x : ſin, 


coſ. d x fin. x £1 hi 
— "EY f- Aim. A c 2 * 


In page 416, before Art. 62 3. add the following directions for finding the poſition of the zenith 
of the place. Deſcribe a ſmall circle upon paper, repreſenting the ſun's diſc, and draw a line 
upon It, repreſenting the path of Venus, and let the center of the circle be laid upon a globe on 
the ſun's place in the ecliptic, with the path of Venus pointing to her deſcending node ; then 
from the horary angle and the latitude of the place, the ſituation of the place upon the globe in 


reſpect to the ſun and Venus will immediately appear. 


t 
— — — 


Pace 18, line 18. for a read a, 
21. line 20. after v//ib/e put a ſemicolon, and inſtead of /o that, put, draw ade parallel to 
EQ and. 
32. line 5. and 8. for agce read agcd. 
56, laſt line, for kheroidical read ſplieroidical. 
57. laſt line but four, for 2 read 2”, | 
71, line 15, for parallax computed for read longitude ſeen from. 


112. to Art, 129. add, the ſame is true at the perihelion Q. 
144. in the Table, col. 3. for 35 5 read 34,5. And it muſt be obſerved, that the mean 


longitudes here put down are for the meridian of Paris. 


196. laſt line but one, for y read g. 
197. line 10. and 12. for y read g, | 
240, for Dr. Pound read Mr, Pound; alſo Art. 418, is put twice. 
249. in the margin againſt line 8. put FI G. 99. | 
252. in the margin againſt the laſt line but one, put FIG. 100. 
298. laſt line for 25” read 180. 
316. line 20. for v read /. 
336. Iine 18. for 3 read 10, and for 10 read 3. 
360. line 3. for SM read SN. 
429, line 23. for exibits read exhibits. 
432. line 12, for impractible read impracicable; and line 26. for an, ap, read bn, ep. 
476. in the Table, col. 2. for 161% 44. 411 read 161% 43" 4471. 
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